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ABSTRACT 

Phase I and I1 

The NASA Vacuum Jacketed Technology Advancement Program was  
accomplished in  two phases .  The Phase  1 portion of the  study 
(and Technical Report) consisted of four main categories:  
(1) Hardware Evaluation, (2)  Product Review, (3) Design Phase,  
and (4) Phase 11 Program Proposal. 

The Phase I1 program portion of the study was  a l s o  divided into 
four categories:  (1) Preparation of test procedures and procure- 
ment specif icat ions,  (2) Procurement of test articles and tes t ing,  
(3)  Test reports and related documentation (Procurement Specifi- 
cat ions,  installation and maintenance procedures) and (4) The 
Phase I and I1 Final Report. 

Phase I 

The Hardware Evaluation Phase evaluated hardware instal led in  
the f ie ld ,  It established the improvements needed in  Burst Disc 
Design. A search of test history, failure data ,  and the condi- 
tions leading up to the failures that  had been experienced in the 
field prior to ,  during, and subsequent to space  vehicle launch 
were investigated.  I 

Concurrent with th i s  test and failure da ta  search,  a Kennedy Space 
Center on-site evaluation of components and conditions was  con- 
ducted on Complex 39 B. AMETEK/Straza's Inspection Reports (IR) 
files were a l s o  extensively searched for information on damage or 
failure that would supplement the failure mode analysis  being 
made by the Reliability Engineer. 

The Hardware Evaluation and its related activity,  which included 
discussions with field test personnel for launch history, has  
yielded the data necessary in  supporting the design criteria. 

The product review phase searched out the present industry-wide 
state-of-the-art for burst d i sc s  and aided in determining present 
hardware availabil i ty.  

The design data  received from the vendors w a s  evaluated and 
resulted in the select ion of 11 vendors whose hardware exhibited 
promise to meet the design objectives of the program. This list 
of vendors w a s  ultimately reduced to six. This select ion was  
based on (1) an  expressed desire  t o  assist AMETEK/Straza in  
development of new des igns ,  and (2) receptiveness to revision 
to their  present product l ine to m e e t  study object ives .  

vi 



The Design Phase consis ted of es tabl ishing the initial preliminary 
design program object ives  which were calculated to increase  
hardware performance and reliabil i ty by overcoming the problems 
tha t  had been experienced during operational service a t  Kennedy 
Space Center.  

An ana lys i s  was  made to determine the  maximum flow area re- 
quirements of t h e  Burst Disc  based  on the  two most critical l ine 
fai lures  than can  occur in  serv ice .  

A l l  vendor des igns  were evaluated through a comparative ana lys i s  , 
taking into consideration such des ign  features  a s  seal ing des ign ,  
flow passage ,  materials compatibility, simplicity in  des ign  and 
maintainability, burst  pressure and tolerance,  profile and structural  
integrity. 

This des ign  evaluation was  coordinated with the project Reliability 
Engineer to .es tab l i sh  t h e  current state-of-the-art reliabil i ty number 
for burst  d i s c s .  

,The burst  d i s c  se lec ted  a s  meeting Phase I study object ives  w a s  
the  "Reverse Buckling" type.  
ware and Figures 11/12 and 13 for vendor drawings of the burst  d i s c  
assembl ies  sel6cted for test, 

See Figure I for photo of tes ted  hard- 

Phase I1 

Burst d i s c  specif icat ions were written (KSC No. 79K00108 and 
KSC No. 79K00109) to incorporate all the  des ign  object ives .  
They included t h e  all-welded unit and t h e  field replaceable  unit. 
Test procedures were written to verify the  hardware's  capabi l i ty  
to  operate i n  t h e  extremes of t h e  natural and induced environments 
peculiar to the  pre-launch and launch conditions a t  Kennedy Space 
Center,  Florida (KSC) . AMETEK/Calmec Company, L o s  Angeles, 
California, was  se lec ted  for procurement, along wi th  Fike Metal 
Products , Blue Springs , Missouri  , In addition , AMETEK/Calmec 
Company was  contracted to perform a burst  d i s c  development pro- 
gram. 
in  (1) d i s c  diaphragm material and thickness  , (2)  corrosion protective 
coating for the  cutter,  (3) bulge he igh t  of t h e  d i s c ,  and forming para- 
meters affecting part reliabil i ty and reverse buckling design e Bare 
burst  d i s c  cut ters  a s  well  a s  ones coated were tes ted in  salt fog en- 
vironment. Coatings included TFE Teflon, Silicone and gold plating. 
Teflon proved t o  be superior coating in  s a l t  fog tests, although, no 
parts sustained significant damage due  to  t h e  t e s t s .  The structural 
integrity of all specimens w a s  verified by completion, without 
failure,  of shock,  vibration. None of the tes ted specimens failed 
during t h e  salt fog and sand and dus t  tests. 

Th i s  development program included determining t h e  optimum 
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New Fike 

Replaceable and 
All-Welded Di sc  

Burst D i scs  - Developed By 
AMETEK/Calmec and Fire Metal Products 

F i g u r e  1. B u r s t  Discs - AMETEK/Calmec 6 F i k e  
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Test Reports and related documentation were written following the 
Phase I1 testing. A s  a result of the information gained through 
testing, installation s nd maintenance procedures have also been 
written. These procedures eliminate many of the problems that 
exist on the present hardware. 

An analytical method for determining the  reverse buckling pressure 
of the burst disc was completed. This analysis enabled the  pri- 
mary parameters of forming pressure and reverse buckling pressure 
to be determined by assuming material, material thickness, dia- 
meter and dome height. This analytical method provided a tech- 
nique to calculate the required parameters for a specific 
application. 

CONCLUSIONS 

AS a result of the Phase I study and Phase I1 testing represented 
herein, certain conclusions can be made. These conclusions 
are briefly stated a s  follows: 

1, 

2, 

3 .  

4. 

The "reverse buckling" disc design has successfully m e t  all 
the objectives of the KSC study, This  design can be applied 
a s  a pressure relief device for vacuum jacketed annular 
space with a high degree of reliability and repeatability, 

A comparison of the results between the flat seal replaceable 
disc assembly and the conical seal replaceable disc assem- 
blies demonstrates that the  conical seal is superior. 

The flat seat seal is more difficult to seal than the conical 
seat and the Teflon gasket used i n  the flat seat is not 
re-usable due to distortion, This is the result of the 
extremely high torque required to seal the flat seat unit 
(600 inch pounds) compared to the conical seat (150 inch- 
pounds). 

The all-welded unit proved to be reliable and can be used 
where field replaceability is not a hard reqhirement. However, 
strict quality control should be exercised in the u s e  of any 
welded detail, 

A maintenance-free installation can be assured initially by 
i nc orpora ti ng a com pre h e  n s i ve ins  ta 1 la tio n a nd ma i nte na nc e 
procedure. Assembly operations were made successfully 
(leakage free) on all replaceable disc assemblies by exer- 
cising care and clean assembly techniques. The conical 
seat replaceable assemblies were removed and installed the 
most times (10) without damage to the disc seal surface. 
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5. 

6. 

7. 

8. 

9. 

The leakage-free maintenance operation is enhanced by the  
u s e  of a thin f i l m  of vacuum grease ,  "Apiezon." This also 
reduces the torque required to effect the s e a l  on both types.  

TFE Teflon will  successfu l ly  inhibit  corrosion during salt fog 
tests, This coating did not affect cut ter  sharpness  nor d i s c  
diaphragm rupture tolerance.  

Dow C v n i n g  Silicone "Si las t ic  55" r e s i s t s  a direct  flame 
at  1400 F for ten (10) seconds .  Protective caps  for burst 
d i s c s  should be  made from the 70 durameter s i l icone.  
This protective c a p  which is expelled a t  burst  should be  
provided with a retaining device ,  

Thinner d i s c  diaphragm material affords a more completely 
reversed and perforated diaphragm at  burst. Repeatability 
in  burst  pressure tolerance is a l s o  at ta ined.  The thicker 
d i s c  diaphragm material affords a tighter tolerance of burst  
pressure: however, reversal  and performation of the  knife  
blade is not a s  complete a s  with the thinner diaphragm. 

The out le t  d i s c  retainer nut for the replaceable  d i s c  assembly 
should be retained with lockwire or equivalent to eliminate 
its coming loose  during high frequency vibration. 

The combination of materials tes ted  should be  retained: 1 

Teflon-coated 17-7PH cut ter ,  Teflon-coated 600 Inconel or  
200 nickle disc, 304 L CRES body de ta i l s .  

RECOMMENDATIONS 

A n  analys is  of problems assoc ia ted  with burst  d i s c s  and their  
instal la t ion with particular attention t o  seal ing after d i s c  replace-  
ment h a s  been  made and the following recommendations a re  pre- 
sented for consideration: 

1. Additional forming of d i s c  diaphragm material should be 
accomplished in order to add empirical support to  the analy-  
tical method for  predetermining t h e  reverse  buckling pressure 
on "reverse buckling" d i s c  assembl ies .  

This additional forming could be  directed toward achieving a 
closer tolerance between the  vendors rated burst  pressure 
and ac tua l  burst  pressure.  

2 .  It  is recommended tha t  additional work b e  done on the 
development of t h e  inlet  protective device to  prevent the  d i s c  
diaphragm from being damaged during handling a 
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1.0 FINAL REPORT 

1.1.0 PHASE I TECHNICAL REPORT 

1.1.1 Hardware Evaluation 

1.1.1.1 Functional Review 

The Development Item Component functional review task  w a s  
intended to "review the components ' function within the total 
system requirements as defined by the present system specifi- 
cat ion" for l ines  instal led on the service arms of the launch 
tower, Complex 39 (Specifications include 75M06519 and 
75M05865 for propellant l ines  and 75M09783 for vent  l ines  .) 

In the  early stages of the Study Program, all of the drawings 
and specifications for the propellant and vent  l ines  installed on 
the Launch Tower Service Arms were pulled from the AMETEK/ 
Straza files and reviewed by the Project Engineer. 

A package of these  drawings w a s  prepared for the Project Engi- 
neer which w a s  representative of Vacuum Jacketed Lines of 
every type that  AMETEK/Straza had built for installation on the 
Complex 39 Launch Tower Service Arms. 

The requirements on the drawings were compared with the NASA 
Specification Requirements to ensure that  drawings and specifi- 
cat ions were compatible. AMETEK/Straza Drawing 8-050035 for 
the original rupture d i s c  assembly for the vent  l ines  (see Figure 
2 )  was  reviewed along with the NASA Drawings 75M8348 Valve, 
Seal-off, relief which replaced the burst  d i s c .  

Acceptance and Qualification Testing was reviewed for compa- 
t ibil i ty with environmental operational conditions and it w a s  
determined that  in order to ensure a component's compatibility 
with environmental and operational conditions,  a more compre- 
hensive component testing program is required. (Reference 
Paragraph 1 . 1 . 4 )  

From the  standpoint of Functional Review, it w a s  determined 
that  specif icat ions,  hardware, and system were as required and 
without conflict e From the  Functional Review, the conclusion 
can  be reached tha t  hardware maintenance problems exist due 
to the  position of the component on the l ine and its relative 
inaccessabi l i ty  . Design changes need to  be incorporated into 
hardware to  compensate for b las t  damage and the Cape 
environments . 
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Program Drawing Review 

1.1.1.2 

In order to e s t ab l i sh  the maximum venting requirements for the 
burst d i s c s ,  it was  necessary  t o  review all of the  hardware 
instal led o n  the Launch Tower Service Arms to determine the  
"worst  case" failure condition based  on the exis t ing system line 
sizes. Each drawing for each  l ine assembly  was  reviewed to  
es tab l i sh  the maximum allowable annulus pressure and still 
maintain l ine  structural  integrity. 4 thorough review of t hese  
drawings and related specif icat ions has enabled t h e  Project 
Engineer t o  establish rea l i s t ic  des ign  object ives  for the  NASA 
study relat ive to burst  d i s c  requirements. 

Component Operating Requirements 

The original vacuum jacketed vent l ines  instal led on the  
Launch Tower Service Arms a t  Kennedy Space Center incorpo- 
ra ted one half (1/2) inch diameter burst  discsc2JSee Figure 2 ) .  
This d i s c  was  designed to rupture a t  25 psig -00 ps ig ,  
Operatigg requirements included temperature range of -65OF 
to +200 F and vacuum seal of 1 x low4  mm of Hg internally 
with ambient pressure externally.  

Following a failure of a vent  l ine  flex hose,  these one-half 
inch diameter burst  d i s c s  proved to  be inadequate to meet the 
flow requirement. They were removed and replaced with one 
and  one-half inch seal-off/relief valves .  

The AMETEK/Straza ana lys i s  performed on t h i s  program, however, 
indicates  tha t  a one-inch diameter burst  d i s c  will  accommodate 
the  maximum flow tha t  could resu l t  from a failed l ine.  

This valve operator is a rather complex instrument t o  operate.  
The Maintenance Procedure V3 6096, "S-I1 Intermediate Service 
Arm Propellant Line Vacuum Monitoring and Maintenance Pro- 
cedure," 'was  reviewed for clarity, simplicity and con ten t  
I t  was  found tha t  t he  maintenance procedure needed to  be ex- 
panded to include: 

A .  More de ta i l  in  the  u s e  of the operator. 

B. More instructions relat ive to c leanl iness  of both 
the operator and t h e  valve; 
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C .  Cautions relat ive to  t h e  complexity of vacuum components 
and systems: 

D. Instructions tha t  will  reduce the chance for external 
contamination and/or damage 

The present hardware was  examined to determine the  modifica- 
t ions that could eliminate t h e  problems of residual  leaks  and 
poor resealabi l i ty  which has  necessi ta ted excess ive  mainte- 
nance operations.  These  modifications could include: 

A.  Elimination or improvement i n  the electro-coating 
of the valve plug (NASA No, B75M08348-23). 
Par t ic les  a re  being deposited on internal surfaces  
of the valve,  

B.  Improvement in t h e  guide portion of the  Valve Disc  
(NASA No,  B75M08348-27). The guide is causing ex- 
c e s s i v e  wear on the  s ide  of the valve and metal 
par t ic les  and/or res idue could be  deposited on valve 
seal ing surfaces .  

C.  The addition of a filter to  eliminate foreign particles 
being drawn up into t h e  valve from t h e  annular space 
(i. e ,  , dexter paper, metal par t ic les ,  etc. ) . 

In summary, a n  improved maintenance procedure and several  
design changes i n  t h e  present hardware would resul t  i n  a 
definite improvement in  hardware performance. I t  has  been  a 
prior philosophy that  vacuum components should be  constructed 
so a s  to avoid problems while being serviced by personnel 
unfamiliar with vacuum equipment. I t  is strongljr recommended 
tha t  a strict instruction period and certif ication be  maintained 
for a l l  personnel who work and maintain components on vacuum 
sys tems,  

1.1.1.3 Evaluation of Equipment & Conditions 

This  t a sk  was  intended to determine i f  problems presently 
being experienced with the  component a re  assoc ia ted  with 
their  instal la t ion and/or removal of t h e  component from the 
system. 

An on-site review was made a t  both Huntsville and Cape 
Kennedy for a n  evaluation of conditions and the gathering of 
study related data  and reports.  Following each  trip, a general  
meeting was  conducted of a l l  program personnel t o  inform them 
of the  trip resu l t s  and review t h e  data  returned to  t h e  plant,  
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A s  a result of the on-site invest igat ions,  t h e  following 
conclusions were reached relat ive to  the equipment and 
conditions: 

A. Burst d i s c s  a re  subjected t o  severe corrosive environ- 
ment (salt fog) wi th  a lack of lubricant on cr i t ical  
a r e a s  to  preclude rus t .  

B ,  Seal-off/relief valve combinations instal led in  the  
field are operating in  accordance with system require- 
ments.  The problem of hardware fragil i ty is reflected 
in  damage incurred during maintenance operations.  
The location of components on t h e  l ine,  however, is 
not making maintenance operations a n  e a s y  t a s k ,  

C .  The components should be designed to  absorb external 
damage without malfunction. 

D. T h e  location of l ine components on t h e  Service Arms 
make it extremely difficult to service and contribute 
t o  the problem experienced during maintenance opera- 
t ions.  

During the course of the Hardware Evaluation Phase of the  
s tudy,  it was  possible  to evaluate  several  of t h e  Launch 
movies taken on Pad 39B. 
ing the relative severity of structural and vibratory loads 
inflicted on the Service Arm hardware during a n  operational 
launch. Several design improvements have been proposed 
as  a resu l t  of th i s  information. One is a protective cover to 
protect the d i s c  from the  vehicle engine heat during lift-off. 

These movies aided in  es tabl ish-  

The on-site review afforded AMETEK/Straza engineers with 
a working knowledge of s i t e  conditions which made it 
possible  to request  data  and better evaluate  design improve- 
ments for the des ign  development i t e m s .  

1.1.1.4 Review of Failures 

This t a sk  required a review of all avai lable  data  delineating 
problems encountered during operational service.  I t  con- 
s i s t ed  of a review of a l l  conditions to which the system is 
subjected,  and was  performed concurrently with the review 
of test da ta .  

The following t ab  runs,  Boeing "Unsatisfactory Condition 
Reports" were obtained from Cape Kennedy for review: 
676-8, 676-7, 676-10 and 676-2. This  failure history helped 
to  es tab l i sh  the  failure mode ana lys i s  described in  Section 1.1.3.4. 
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The Kennedy Space Center Review Team reported tha t  damage 
potential  exists due to mishandling and standing on the V e J e  
l i nes .  This is a n  inherent character is t ic  due  to the location 
of components and t h e  precarious position the mechanics 
place themselves in  to maintain th i s  hardware. 

Approximately twelve hundred (1200) Straza Inspection Reports 
(IRs) for l ines  received for rework were reviewed. The  resu l t s  
include: 

A. Only two (2) IRs  were applicable to  t h e  present hardware. 

B .  Tab runs indicated three fai lures  as  shown in Table 3, 
Paragraph 1.1.3.4. 

The list of failure modes was  compiled after review of a l l  the  
avai lable  data  and failure mode ana lys i s  and is defined as  the  
exis t ing hardware reliabil i ty number 

1.1.1.5 Review of Test Data 

In t h e  field of burst  d i s c s ,  very little test data exists. 
Each vendor tha t  was  sol ic i ted for hardware des igns  was  
a sked  to  include all avai lable  reliabil i ty and test data re- 
la ted to  their  particular hardware. Each vendor emphasized 
tha t  there was  no test data avai lable  for burst  d i s c s .  Re-  
l iabil i ty information was  a l s o  not avai lable .  

In order t o  es tab l i sh  a substant ia t ion for the failure modes 
ana lys i s ,  several  vendors were cal led for information on  
where their customer or burst  d i s c  user  had experienced 
problems or where t h e  suppliers themselves would expect 
problems. In a l l  c a s e s ,  corrosion of the  thin d i s c  diaphragm 
was  expected to  be t h e  grea tes t  failure mode. The  second 
m o s t  serious problem was  damage to  the thin diaphragm ma-  
ter ia l  during instal la t ion and/or maintenance. They s ta ted 
tha t  several  other problems exist of a less ser ious nature 
including: 

A. Damage inflicted by the force of a blow to  the  struc- 
tural  body. This could cause wrinkling if the d i s c  
diaphragm is extremely thin.  

B .  Rusting of the  knife blade cutter which affects the  
burst  pressure tolerance.  This  is a function of the  
severity of corrosion. Tests will be  conducted on 
teflon-coated specimens during the  P h a s e  I1 program 
to  verify elimination of this  problem. 
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1.1.2 Product Review 

1.1.2.1 State-of-the-Art Investigation and Vendor Coordination 

The product review for burst  d i s c s  w a s  performed concurrently 
with the hardware evaluation phase  of t h e  program. When enough 
significant test da ta ,  failure history,  failure mode information, 
and rel iabi l i ty  information became ava i lab le  through t h e  hardware 
evaluation, the s tudy des ign  object ives  were es tab l i shed  and 
the  various hardware vendors contacted to d i s c u s s  the  program 
and establish their  in te res t  in  t h e  NASA study.  
review h a s  produced information a n  all of the  burst  d i s c s  ava i l -  
ab l e  on the market, A review of t h e  l i terature on the subjec t  
tha t  was  ava i lab le  has given u s  confidence that a good repre- 
sentat ion of hardware is provided. 

The product 

The  VSMF was uti l ized to e s t ab l i sh  a preliminary list of burst  
d i s c  manufacturers. Th i s  preliminary list was  expanded by adding 
the manufacturers found in  the current Cryogenic and Vacuum 
rechno losy  publications.  AMETEK/Straza' s vandor search  did not 
ini t ia l ly  set a standard on  any vendor 's  capabi l i t i es .  Everyone 
who had hardware experience related t o  burst  d i s c s  was  sol ic i ted 
for information. Interest  in  t h e  program and a des i r e  to work with 
u s  to  develop a n  improved burst  d i s c  was  expressed  by severa l  
vendors. 

The l i terature tha t  w a s  reviewed establ ished the  different types  of 
burst  d i s c s  presently being manufactured by leading vendors. 

Burst d i s c  manufacturers, a total  of 40 ,  were contacted;  11 were 
se lec ted  a s  having t h e  hardware that  would lend itself to  modifi- 
cat ion to m e e t  s tudy objec t ives .  Also, these 11 vendors had 
expressed a n  in te res t  in  the  study program and a des i r e  to develop 
a des ign  tha t  would eliminate t h e  problems attr ibuted to  burst 
d i s c s .  These  vendors include: 

A. Aervalco, Los Angeles, California 

B. Black, Sival ls  and Bryson, Incorporated, Kansas City,  
Missouri  

C.  AMETEK/Calmec, Los Angeles, California 

D. Continental  Disc  Corporation, Blue Springs, 
Missouri  

E .  Carbone Corporation, Boonton, New Jersey 
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F . Consolidated Precision Corporation, Lake Park, Florida 

G. Cryolab Company, Los Osos, California 

H.  Fike Metal Products Corporation, Blue Springs , Missouri  

I. Kearney Industries , Raritan, New Jersey 

J.  Parker Aircraft, Los Angeles , California 

K. Whittaker Corporation, North Hollywood, California 

These  hardware manufacturers (all leaders  i n  the field of burst  
d i s c s )  afford a good representation of t h e  manufacturers of the 
various types  of d i s c s  tha t  are avai lable  on  t h e  market today. 

A review of t h e  vendor data  received resul ted i n  t h e  se lec t ion  
of six vendors.  
to develop a new des ign  or incorporate modifications in  their  
hardware tha t  would r e su l t  i n  improvements over the burst  d i s c s  
ava i lab le  on the market today. 

Their selection was based  on the  vendors '  des i r e  

These six vendors include: 

A.  AMETEK/Calmec 

B.  Black, Sival ls  and Bryson 

C .  Cryolab Company 

D. Fike Metal Products 

E.  Parker Aircraft 

F.  Whittaker Corporation 

1.1.2.2 Hardware Investiqation 

1.1.2,2.1 Evaluation Check-List-Vendor Survey 

During t h e  ini t ia l  s t ages  of the  vendor contact ,  it became evident 
tha t  t he  hardware vendors '  capabi l i ty  in  fabrication was  extremely 
important. For t h i s  reason a n  evaluation survey was  conducted 
for each  vendor l i s ted .  T h i s  Quality Survey consis ted of a review 
of t h e  vendor 's  capabi l i ty  including: 

A.  The vendor 's  product D. Testing, and 

B. Marketing-Engineering effort E.  Quality Assurance 

C .  Manufacturing 
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A review of the  vendor's product served to es tab l i sh  i f  th is  type 
of equipment had been previously designed or made to print by 
the vendor. 

Marketing-Engineering capability es tabl ished whether the vendor 
w a s  directed toward commercial rather. than government contracts . 
The vendors ' manufacturing capabili ty es tabl ished the  vendors ' 
capability for the manufacture of cryogenics,  tes t ing,  and whether 
c lean room facilities exis ted.  It also confirmed the  s ta tus  of 
welding controls and equipments and radiographic inspection. 

Testing - This evaluation establ ished the equipment available 
for tes t ing,  fluids used ,  calibration, and conformance to indus- 
try standards.  

Quality Assurance - This evaluation establ ished the vendors ' 
Quality Control system and the specifications the  vendors ' Quality 
Control system conforms to. 

1.1.2.2.2 Evaluation of Burst Disc  Types 

The following is a description of all of the types of burst  d i s c s  
evaluated through the  product review. Every type w a s  evaluated 
for the possibil i ty of adapting various designs into study hardware, 
This description includes the m o s t  bas i c  to the m o s t  complex 
burst d i s c s  avai lable  in  the industry today. 

Burst Disc Body Types 

A. Bolted Type 

The bolted type burst d i s c  assembly is avai lable  in diameters 
ranging from l/Z-inch to 24 inches with standard ASA flange 
bolting. The angular seat a s su res  a gas  t ight seal with mini- 
mum torque loadings applied to the s tuds .  This eliminates 
flange and seat distortion and thereby protects the precision 
rupture d i s c  against  sl ippage under pressure and shearing of 
the  thin d i s c  material. Standard material for the flanges is 
steel, but can  be supplied in other metals.  Standard flange 
connections are  threaded, welding hub, or flat face with pre- 
assembly cap  screws.  The bolted assembly may employ pre- 
bulged, flat, scored,  reverse buckling or other diaphragms. 

The bolted type burst d i s c  does not lend itself to this program 
due  to large profile and long assembly/disassembly t i m e s  
(see Figure 3 ,  a through f ) .  
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Figure 3. Types of Burst Discs 
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B .  Union Type 

The union type  assembly is similar to t h e  standard pipe union 
except  tha t  it h a s  t h e  precision angular type seat machined 
into the  inlet  and outlet connections in  order to  grip the rup- 
ture d i s c  the  s a m e  as  in  the  bolted type assembly. 

The union type units a r e  compact and eas i e r  to maintain than 
the  bolted type unit of comparable size and lends  itself to 
ground support and/or airborne hardware. A s  it can  be noted, 
all standard d i s c  diaphragms c a n  be incorporated into the 
union assembly  (see Figure 3,  a through f ,  and Figure 4).  

C.  Screw Type 

These uni ts  a r e  used primarily for the protection of laboratory 
and experimental pressure equipment. Since they a r e  a s m a l l  
compact unit with the  in le t  constructed of s t a i n l e s s  steel as 
s tandard,  they  c a n  b e  used for many appl icat ions where s m a l l  
volume and high pressure is involved. T h e  screw type also 
u t i l i zes  the angular seat. These d i s c s  c a n  provide extremely 
thin d i s c  diaphragm material because  of the  protection from 
the natural  environments,  This type generally screws  into a 
b o s s  and h a s  been  used in  the past for ground support vacuum 
jacketed l i nes .  T h i s  unit has a t h i n  diaphragm whose sea l ing  
surface can  be  rotated during assembly.  The seal movement 
frequently causes seal leakage.  This defec t  makes th i s  s tan-  
dard screw type unit configuration unacceptable a s  a study 
solution. 

Types of Discs  

A. Flat  Rupture Di scs  (Meta l )  

Flat  rupture d i s c s  were investigated for appl icabi l i ty  to t h e  
s tudy.  In general ,  the  disadvantage of t h e  flat rupture d i s c  
is tha t  they bulge when subjected t o  pressure in  a n  instal la t ion.  
Since the shape  of t h e  bulge is not a n  exact spheroid,  the d i s c  
is s t r e s sed  unevenly and may  then burst  unpredictably. 

It h a s  been found tha t  f la t  rupture d i s c s  a re  used extensively 
in  fire ext inguishers  and in  valves  for compressed gas bot t les  
to  protect aga ins t  overpressure if  h igh temperatures a r e  
encountered. 
shear  aga ins t  a sharp radius  to a s s u r e  a ful l  opening and 
unrestricted flow of t h e  fluid or gas to be relieved. The m o s t  
commonly used d i s c  materials for t h i s  appl icat ion include a 
combination of gold and beryllium, copper or nickel (see 
Figures 3 and 5). 

The f la t  rupture d i s c  is usual ly  designed to 
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Fikc Union Type R u p i u r e  Units 
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F i g u r e  4. F ike  Union Type Rupture Discs 
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B e Flat Rupture Discs  (Carbon) 

Flat carbon rupture d i s c s  are common in the  chemical industry 
and have two desirable  inherent properties: (1) Changes in  
temperature do  not affect the  burst  pressure of the  disc:  
(2) carbon withstands m o s t  corrosive processes  The main 
limiting factor of the carbon d i s c  for industry usage  is the  
maximum pressure rating for which they can  be manufactured. 
Generally, these  d i s c s  can  only be used  for pressures  of 
300 psig or lower which is within the  range of the  NASA study,  
Their accuracy is &570 and are less expensive than a pre- 
bulged or flat rupture d i s c  in  the lower pressure ranges,  

They are completely unaffected by fatigue and p o s s e s s  com- 
plete immunity to thermal shock e Serveral advantages are: 
Maximum flow opening is obtained at actuation, low costs 
for parts and maintenance, and the non-fatigue nature of 
graphite allows continuous operation at up to 7570 of rated 
pressure e 

The Carbone Corporation of Boonton, New Jersey, submitted 
two samples of their carbon d i s c  hardware along with related 
test and design data  (see Figure 6 ) .  A burst  d i s c  of th i s  type 
would require instal la t ion between two flanges This design 
principle w a s  rejected because  the  burst d i s c  assembly could 
not m e e t  the low leakage allowable of 1 x 10-7 scc/sec of 
helium e A test recently conducted at AMETEK/Straza indicated 
tha t  the carbon d i s c  leaked at a rate  of 1 x 10-5 scc/sec. 

C. Be-bulged Rupture Discs  

These burst  d i s c s  a re  pre-bulged to operate at approximately 
7070 of rated burst  pressure without deformation. That is 
when a pre-bulged d i s c  is rated to burst at 40 psig and is 
instal led on a v e s s e l ,  the  operating pressure of the v e s s e l  
can  safely range to 28 psig. If the  7070 margin is exceeded, 
then reduced rapidly, the  d i s c  will  work harden, This causes  
premature or inaccurate rupture of the  d i s c  at t i m e  of rupture. 

Materials commonly used  for this  type of d i s c  include alumi- 
num, CTFE Fluorocarbon, TFE or FEP Fluorocarbon, Monel, 
Inconel, 347, 321, 316 Sta in less ,  Nickel, Copper, Gold, 
Silver, Platinum, Titanium and Tantalum 

Temperature variations also change the burst  pressure of the 
pre-bulged d i s c  which are rated a t  72°F and s ince  temperature 
is inversely proportional to the  burst  pressure of a m e t a l  
d i s c ,  burst  pressure changes according to ac tua l  process  
operating temperature e The pre-bulged d i s c  requires protec- 
t ion from vacuum by u s e  of a vacuum support (see Figure 7) 
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Flat Rupture Disc  
(Failure of Diaphragm Due to Corrosion) 

F i g u r e  5. F l a t  Rupture  Disc 
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2-1/2 In. O.D.  x 1 In. High 
Burst Disc to be Installed 
Between Mating Flanges 

1 In. Dia. Flow Opening 
Burst Pres sure  
Max. 26.25 ps i  
Min.  2 3 . 7 5  ps i  

Carbon Rupture Disc  
(Courtesy of Carbone Corporation) 

F i g u r e  6.  Carbon Rupture Disc 
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Note Sealing Surface 
Unaffected by Corrosion 
Burst Press - 3 2  psia 

Aluminum Pre-Bulged Rupture Disc 
(Removed From A Vacuum Jacketed Storage Vessel) 

F i g u r e  7. Pre-Bulged Rupture D i s c  
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D. Scored Rupture Discs  

Scored rupture d i sc s  and  their  appl icat ions were re- 
viewed for u s e  in  the s tudy program. Recommended 
where d i s c  fragmentation cannot be tolerated,  this 
type of d i s c  is made to rupture a t  a specific pressure 
by grooving or  milling the material. This d i s c  c a n  
be ei ther  flat or  prebulged and  c a n  be scored i n  a 
number of ways to m e e t  various appl icat ions e 

For example,  d i s c s  a r e  scored in  X and Y pa t te rns ,  
in  s t ra ight  l i n e s ,  or  i n  c i rcular  r ings.  Also, they 
may be machined or milled to a dimension which will 
provide the  required rupture pressure.  Very few 
scored d i s c s  are used today due to the precis ion 
notching which is required to obtain the exact rup- 
ture pressure.  For in s t ance ,  a scra tch  0 ,0001  inch 
deep  on the face of a d i s c  oan change the burst pres- 
sure  severa l  pounds per square inch.  

Scored d i s c s  have been used successfu l ly  as  quick 
opening v a l v e s ,  and in  appl icat ions where sudden 
pressure r e l eases  a r e  required such  a s  in  shock 
tubes .  Sudden pressure r e l eases  a r e  also used  to 
impose extreme shock on parts undergoing test, or 
to quench runaway process  react ions.  

E9 Reverse Buckling Rupture Discs  

Reverse buckling rupture discs have all the inherent 
properties of a prebulged d i s c ,  but the means of 
rupturing the d i s c  is different. Instead of the ma- 
ter ia l  being s t re tched t o  rupture (as in  a prebulged 
d i s c ) ,  it is compressed to a point of buckling through 
the bulge and thrown aga ins t  knife blades welded to 
the upper body assembly.  This ac t ion  cu ts  the d i s c  
into pie sec t ions .  
d i s c  are:  (1) There is no need to use  a support i n  a 
vacuum system; (2) the  d i s c  permits operating pressure 
to approach 90% of rated burst  pressure;  (3) there is 
l i t t le  or no fragmentation of d i s c  material upon rup- 
ture; (4) the diaphragm material c a n  be much thicker 
for the same burst  pressure for increased ruggedness 
and  corrosion res i s tance  (See Figures 3 c,  7and 8) 

The b e s t  features of this  type 

The design phase  (Section1.1.3) descr ibes  the funda- 
mental principles of this des ign  e Basically,  this  
type of burst d i s c  incorporates a unitized construc- 
t i o n  as we l l  as  a replaceable  d i s c  diaphragm assembly .  
This type of a unit can  be a n  a l l  welded construction 
or  it c a n  incorporate a sof t  copper or  elastomer gas- 
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Disc  Diaphragm 
Removed 

Knife 
Blade 

3/4 In. Dia. x 1-1/2 In. Length 

Reverse Buckling Rupture Disc 
lDis c Diaphragm Removed) 

Figure 8. Reverse Buckling Rupture Disc 
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,Knife Blade 

Diaphragm 

1/2  In. Dia. x 1-1/2 In. Length 

Reverse Buckling Rupture Disc With Failure 
Of Diaphragm Due To Corrosion 

Figure 9. Reverse Buckling Rupture Disc Fai lure  
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k e t  for the seal between the d i s c  diaphragm assembly  
and main body. 

The "reverse buckling" burst  d i s c  offers severa l  d i s -  
t inc t  advantages including: 

Capabili ty for e a s y  replacement in  t h e  f ie ld .  
However, s ince  t h e  thin d i s c  material has  
potential  for damage a t  instal la t ion,  the  in- 
let and out le t  s ides  of the d i s c  should be pro- 
tected.  The cutter blades a t  t h e  out le t  pro- 
vide th i s  protection. A t  the  inlet s ide ,  a 
mechanical device similar to a screen  is re-  
commended @ 

pability a s  a n  all welded unit. This offers 
a re la t ively high increase  in  re l iabi l i ty  by 
eliminating all metal or elastomer seals tha t  
require care in  assembly  and f ie ld  mainte- 
nance,  and t h a t  could be affected by 
variations in  operating conditions.  

Elimination of handling t h e  thin d i s c  material 
during assembly  and/or maintenance will  re-  
s u l t  in  a n  increase in  reliabil i ty.  

Th i s  des ign  a l s o  offers t h e  capabili ty for a 
very low profile unit tha t  provides exceptional 
ruggedness for handling and service.  

F , Prebulged, Snap-Over Rupture Discs  (Belleville) 

Th i s  type of d i s c  des ign  is a standard prebulged 
type.  Like the reverse  buckling unit ,  the  means of 
rupturing is different,  
spring which rests on t h e  convex s ide  of t h e  bulge. 

T h e s e  units have a Belleville 
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When pressure moves the d i s c ,  the spring snaps  
over, throwing the d i s c  aga ins t  a circular cutt ing 
ring. Th i s  cutt ing arrangement is now even more commonly 
used with flat d i s c s  than with the  prebulged d i s c s .  The 
cut-out d i s c  center  (if it is a n  in-line installation) 
goes down the pipeline and is caught by a screen.  
These units a r e  accurate  , but expensive , i n  com- 
parison to a standard prebulged or  flat d i s c ,  and 
a r e  used  mostly in  aircraft  and missile appl icat ions.  
(See Figure 3b) 

The two companies tha t  have perfected this design 
and  who appear  to be supplying all of this type of 
burst  d i s c  a r e  AMETEK/Calmec and the Parker Air- 
craft Company (both in  Los Angeles , California). 

Parker Aircraft has  designed and supplied Belleville 
spring burst d i sc s  for the L.E.M. (Lunar Excursion 
Module) of the APOLLO Program. They a r e  used to 
prevent excess ive  pressure in  the astronaut  oxygen 
supply system. Another is used to insure zero leak- 
age of helium gas from the main propellant tanks.  
AMETEK/Calmec has  applied this concept  for North 
American Rockwell a s  a relief valve for the fuel 
pressurization system in  the Attitude Control System 
(A. C .  S .) , Service Propulsion System (S. P. S.) and 
for NASA , Huntsville , i n  the Auxiliary Propulsion 
System for Post APOLLO. 

The Belleville Spring concept so lves  severa l  of the 
problems tha t  had been experienced in  the burst d i s c  
being used by NASA, such  a s  corrosion of the thin 
metal d i s c ,  and damage of the thin d i sc  diaphragm 
during replacement. These failure modes would be 
eliminated by virtue of the fact  that: (1) Rupture 
se t t ings  a r e  not affected by diaphragm material. 
The hollow punch or cutter makes possible  the burst 
diaphragm tha t  is less dependent on material strength.  
For this reason ,  a reasonably thick,  s t a in l e s s  ma- 
ter ia l  c a n  be used; (2) p las t ic  coating of the d i s c  
material for extra protection from corrosion can  a l s o  
be used  without affecting the burst  pressure toler- 
a n c e ,  The application of the Belleville Spring into 
s tudy hardware was d iscussed  with both AMETEK/ 
Calmec and  Parker Aircraft. Evaluation of their de- 
sign was  made and several  specif ic  design improve- 
ments were incorporated into the Belleville design 
which included: 

(1 1 The burst  diaphragm would be s e a l  welded 
to the upper d i s c  assembly body to eliminate 
a leakage path. 
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(2 1 The burst d i s c  assembly would be made up 
of a removable d i s c  assembly and a base 
tha t  would be welded to  the vacuum jacketed 
l ine .  The d i s c  assembly  would be replace- 
ab le  by simply removing the present d i s c  
assembly and "dropping in"  a new one into 
the base  and clamping it down. 

(3) Sealing between the base  and the replace- 
ab le  d i s c  diaphragm assembly would be af-  
fected by a n  elastomer "0" Ring and a clamp 
tha t  would apply a uniform load around the 
entire periphery of the d i s c  base .  

During the design reviews,  it was  brought out tha t  
several general  des ign  improvements were offered 
by the Belleville des ign  concept.  
features included: 

These design 

(1 1 Stabili ty over a broad range of operating 
temperatures. It can  be proven analyt ical ly  
(and by test) tha t  the burst  accuracy depends 
on the modulus of e las t ic i ty  of the spring 
member rather than ultimate strength.  There- 
fore,  burst variation due to temperature change 
is very s l ight .  
proposed by AMETEK/Calmec, the variation 
in  burst pressure is 4 %  or  about 1 . 2  psig 
total, a factor which is not cr i t ical  due to 
the burst pressure band for present des ign  
parameters .) 

(For the hardware tha t  w a s  

(2) Reduction of pressure cycling effects. Since 
this unit can  operate to  within 95% of the 
rupture rating and c a n  withstand repeated 
cycl ing,  each  assembly can  be pretested for 
rupture without damage to the burst diaphragm. 
This unit can  a l so  be rechecked a t  any la te r  
da te  a f te r  they have been in service.  

Both the AMETEK/Calmec and the Parker Aircraft 
Belleville spring designs were rejected a s  candidates 
for Phase I1 test by virtue of failing to m e e t  Phase I 
s tudy object ives .  

The AMETEK/Calmec unit  exhibited a very low pro- 
file in the instal led posit ion (one and one-half inches) .  
This low profile was negated by a very large diameter 
(approximately 4 . 0 0  inches)  (See FigurelQ). 
actuat ion pressure requirement 30 *5 p s i  required tha t  
the surface area of the Belleville spring be large in  

The low 
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PERMANF NT BASE 

! 4.00 OIA i- REPLACEABLE DISC ASSY. DIAPHRAGM 
SEAL WELDED ALL AROUND 

Figure 10. B e l l e v i l l e  Burst  Disc Assembly 
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order to provide the snap-action a t  this low pressure.  
The large diameter presented no particular physical  
problems in  instal la t ion,  but it did rate  low in relia- 
bility due to corrosion of the excess ive  material in 
the large diameter. 

Another design deficiency appeared to be the clamp- 
ing device for retaining the replaceable upper d i s c  
diaphragm assembly  to the base (the base is welded 
to the vacuum jacketed l ine) .  (See Figure101 

This clamp created several  moisture traps between 
the clamp and the d i sc  assembly. The clamp was  
adequate t o  effect the  s e a l  between d i sc  assembly  
and base, but again it was  the potential for corrosion 
that made it ra te  low in the reliabil i ty ana lys i s .  

Cutter-Belleville Burst Disc 

The round cutter on the periphery of the d i sc  diaphragm 
was  considered to be unreliable due t o  the effects of 
corrosion on the cutting edge,  The C a l n e c  Belleville 
Cutter is fabricated with a "saw tooth" edge which 
is required to effect the cutting act ion upon burst .  
However , it was  found , during the study , that  this 
cutter requires extensive maintenance and  sharpen- 
ing to the cutting edge to maintain its cutting efficien- 
CY 

Relia bili ty Trade - Off Ana ly  s is 
(See Section 1.1.3.4 for Detail Analysis) 

A Reliability Trade-off Analysis was  conducted by the 
Reliability Engineer to es tab l i sh  the Belleville spring con- 
cept  a s  compared to the ' 'reverse buckling" d i sc  that  is re- 
commended for this study. The ana lys i s  is shown in the 
Reliability Section. In summary , the reverse buckling con- 
cept is a more simple, rugged design which is less suscep-  
t ible to external and disassembly damage , corrosion, and 
"0" Ring problems. 

The outlet  diameter of the "reverse buckling" d i s c  is in- 
creased to allow for the added surface area for the added 
assurance  that  the d i s c  diaphragm will  not res t r ic t  flow af ter  
rupture 

G. Alumiseal Seal  Flanges 

The Whittaker Corporation (Vacuum Systems Division) sub- 
mitted a design for a flat rupture d i sc  which incorporated the 
u s e  of their Alumiseal Bakeable Flanges. Both the Whittaker 
Corporation and Varian Associates recommended the u s e  of 
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f langes i n  the vacuum components for ease of maintenance. 

The f langes  a r e  a s imple,  re l iable  me ta l  gaske t  s e a l  des ign .  
(The g a s k e t  c a n  be a n y  non-corrosive material) .  
seals permit prolonged tempgrature excursions from liquid 
Nitrogen temperature to 450 C.  The f lange owes its abi l i ty  
to  withstand the  thermal cycl ing to its unique des ign .  

These  

Mating f langes a r e  ident ical  with seal surfaces  machined 
a t  s l igh t  spherical  ang le s .  A s  the bolts a r e  t ightened, the 
f langes rotate until  opposing seal faces a r e  nearly parallel .  
The gaske t  material is loaded a t  2000 to  3000 pounds per 
l inear  inch  of gaske t  and s t ra in  energy is stored in  t h e  ro- 
ta ted f langes .  

Th i s  stored energy prevents flange unloading caused  by  
thermal changes .  The f lange des ign  has  t h e  added advantage 
of using standard s t a i n l e s s  steel bolts. While 0.0015 inch 
thick s t a i n l e s s  steel foil is t h e  standard sea l ing  material, 
household 0 .008  inch aluminum foil has  been  found to be 
qui te  adequate  for spec ia l  appl icat ions.  
Corporation has  designed and bui l t  a burst  d i s c  which is 
present ly  used on their  Cryosorption Pump which provides 
venting capabi l i ty  during t h e  bake-out cyc le .  

The Whittaker 

The Whittaker des ign ,  even though possess ing  a very ade-  
quate  seal, was  rejected for severa l  r easons ,  including: 

A ,  An ad jus tab le  screw (cutter) which is used to  effect 
the ini t ia l  perforation of the  .002 inch s t a i n l e s s  
steel disc:  

B .  The d i s c  also serves  as the metal gaske t  s ea l .  

I t  ha s  been  a n  object ive of t h i s  program t h a t  t h e  burst  d i s c  
will  provide a n  instal la t ion tha t  is relat ively tamperproof. 
An ad jus tab le  cut ter  for such  a c r i t i ca l  des ign  feature  pre- 
c ludes  the u s e  of th i s  des ign .  

Another object ive of the s tudy program h a s  been to provide 
a d i s c  assembly  which will  el iminate the handling of the 
d i s c  diaphragm material  during replacement or maintenance. 

1 , l .  2 e 2 . 3  Comparative Analysis - Burst D i scs  

The following comparison of vendor products represents  t h e  
industry standard for usage  of materials and des ign  appl ica-  
t ion for burst d i s c s  used as  relief devices  for overpressure 
in  vacuum annulus ,  These  lists, a s  they have been expanded 
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during the product review, have aided in  es tabl ishing the 
reliabil i ty of the state-of-the-art hardware. The mos t 
sa l ien t  features of a burst d i s c  design have been evaluated 
and compared. A s  a resu l t  of this and other interrelated 
evaluations including reliabil i ty,  ana lys i s  and des ign ,  has 
evolved the hardware that  is recommended to  m e e t  Phase I 
study object ives .  

1 e 1 e 2 . 3  Summary of Vendor Product Evaluation 

Of the vendors' product evaluated,  only two appeared to have 
the interest  i n  the burst d i sc  s tudy to incorporate study ob- 
ject ives  into reliable hardware 
the AMETEK/Calmec Company and Fike M e t a l  Products, The 
Continental Disc Corporation and Black, Sivalls and Bryson 
wil l  be sol ic i ted for the reverse  buckling shear  cutter type 
d i sc  prior to tes t ing of Phase I1 hardware. 

These two companies are  

A .  AMETEK/Calmec's design provides the design through 
development to provide the  reliabil i ty goals es tab-  
l ished for this hardware and maintains the simplicity 
required to make  field maintenance possible .  The 
Calmec Engineering staff has  added confidence in 
the hardware proposed by several  of the design 
changes and elements tha t  they have emphasized 
as cr i t ical  to the reliabil i ty of this hardware. Field 
maintenance for burst d i s c  replacement is one of the 
bas ic  requirements of the Phase I s tudy,  and this  
hardware will  provide the capabili ty for a n  increase 
in reliabil i ty and severa l  improvements in  the s ta te -  
of-the-art. (See Figures ll and 12 ) 

B, 

C .  

Fike Metal Products was  the f i rs t  to  propose the 
reverse  buckling d i s c  for this program. 
13 , 14 a n d l 5  ) Their design provided a l l  of the 
e s sen t i a l  elements of the objectives required t o  
increase hardware reliabil i ty . 
burst d i s c  industry is well  es tabl ished by having 
provided quality hardware for a variety of government 
users  e 

(See Figures 

Their posit ion in the 

The Consolidated Precision Corporation was  elimina- 
ted from consideration because they were non- 
responsive to  the design improvements to  their pre- 
s e n t  hardware that  were requested to  meet study 
objectives e 

The Parker Aircraft Company was eliminated by virtue 
of the complexity of their  design. (See Figure 16) 
The design consis ted of a complicated burst disc/  
relief mechanism. The burst portion was  actuated 

page 27  



by the pressurization of the internal area of a bellows 
with reseat ing of the poppet effected by a spring. 
The Parker unit incorporated the Belleville spring 
concept  and required a n  extremely high cost for 
development with a high unit cost. 

E, The Whittaker Corporation was eliminated because  
of a non- tamperproof design. Current problems i n  
the  field require tha t  the thin disc diaphragm be pro- 
tected from external damage. 

The Whittaker design incorporated a screw for per- 
forating the  d i s c  diaphragm a t  a g e t  pressure.  The 
adjustable  nature of this screw made this design 
very undesirable.  The main seal between body and 
upper assembly  w a s  effected by the thin disc dia- 
phragm itself, which would require handling of the 
d i s c  seal material during maintenance. 

F. The C.V.I. Company was eliminated basically be- 
cause  of the relief seal-off valve combination con- 
cept which was originally considered unreliable due 
to the externally introduced operator that w a s  inde- 
pendant of the valve.  This company a l s o  w a s  not 
interested in  incorporating any  new concepts that  
AMETEK/Straza considered imperative to a n  increased 
hardware reliabil i ty.  Their main interest  w a s  in  a n  
off-the-shelf item without the needed improvements. 

G. Cryolab Company burst d i s c  was eliminated because  
of a complex combination burst d i sc  seal-off valve 
thermocouple s ta t ion.  A s  a burst d i sc ,  it did not 
have? capabili ty for a replaceable diaphragm in the 
field.  Reliability w a s  lowered considerably by the 
multi-opening assembly.  

H. Cryenco was  eliminated from consideration because  
of the dis interest  i n  the program to incorporate design 
changes that  would improve their hardware for use  
in  the NASA study. Reliability was  low in the exist- 
ing unit due to the shaf t  type "0" Ring s e a l  for the 
relief plug. Pumpdown operations which require the 
removal and  insertion of this plug create wear  on the 
s e a l  from corrosion residue,  decreasing its reliability. 

I. Black, Sivalls and Bryson submitted a n  exceptional 
design for a n  all welded and replaceable assembly 
(See Figures 17 and 183. The internally threaded 
hold-down assembly  eliminates the large diameter 
created by the use  of a hex nut. High unit costs 
made this design uneconomical for testing. 
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Figure 11. Reverse Buckling Rupture Disc 
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3.2 
APPZQX 

I 

PARKER A.C. CO. 
BURST DISK 

F i g u r e  16. P a r k e r  A i r c r a f t  Rupture  Disc 
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BLACK, SIVALLS & BRYSON, INC. 

ENGINEERING DATA 

Disc  to reverse  and c u t  open on 
blades a t  30 t 5 p s i  on in l e t  side --- 1 3/8 __.- e- 

1" - 150 lb. Max SPL h e p a r e d  By M. Free No. A 

WELDEDTYPE R.B. 90  
Description - 

Checked By Date 4-7-69 - 

Heliarc Tac-Weld 
Blades to  Outlet  
No Filler Req'd. 

Cutting Blades 17-7 PH SST 

Figure 17. BS & B Reverse Buckling Rupture Disc, All Welded 
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BLACK, SNALLS & BRYSON, INC 
ENGINEERING DATA 

Descript ion.  1''- 1.50 lb, Max- -S?L ~ - Prepared By =Ml--F-~ec-.-No. -_EL--- 

SCREW TYPE R. B .  90 A h e c k e d  by Date 4-8-69 

Protective 
Cover 
18-8 SST 

3/16 Dia.  S p a n x r  Wrench 
Holes 4 E q .  Spaced 

,--- Ifolddown 18-8 SST 

Cutting Blades 
17-7 PH SST 

Base 18-8 SST - 
REPLACEAEjLE DISC ASSY 
O.D. Eel iarc  V<elded, no leaks55 

allowed, no fi l ler  required. 
" A "  - Crown Frotector 16-6 SST 
" B "  - Disc reversing t y p e  p.at 'l  

Inconel, norma! operation .10 
to 2 0  microns. Vacuum o n  con- 
vex side with concave s ide  
atmospheric pressure.  Eisr: t13 
reverse  and cut open o n  blades 
a t  30 -I: 5 psi  o n  inlet  s ide  a t  
-65 to 20O0F 

" C "  - Outlet  support 18 - 8 SST 

Figure 18. BS & B Reverse Buckling Rupture Pisc,  Replaceable Disc 

Page 36 



CESSORIES 
- .  . . 

F"".l 

- 4 .  
- - - - ._ __ - .. - - - . - .__ - - --- - -L- 

PUMP OUT 
@Operator in place prior to evacuatioi 

VACUUM SEAL OFF 
AND RELIEF ASSEMBLY 

88331 

A4950 

VACUUM PUMP OUT 
OPERATOR 

I l/*" ! 47.59 847 15 

64946 ll/S'' 62.50 

@ Seal off cylinder withdrawn during 0 Seal off cylinder in plac? ?!! 
evacuaticn evacuatiorl 

I&- .-.,.- ~ -.. ~ -.,. r_ ....- ~ .._.-. ... - . .. - -  -3 

:i 
..% I.-. - -  ..-._.----._ --- .- . .- . -- --., 

BAYONET DUST COVERS 
To order either male or fernals dust covers. specify rc7: 

female bayonet part number followed by - DC. 
PRICES ON REQUEST 

BAYONET NOSE SEALS 
To order specify mal? bayonet p j r t  number fjllC;/.>i! b.: 
PRICES O N  REQUEST 

CRYY ncq 
Ct-pJg en ic  E nil i nee:-i !:q Crj 
4 9 5 5  Bannock. S t .  
Denver ,  CoICxado 

Figure 19. Cryenco Seal-off/Relief Assembly 
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1.1.3 DESIGN PHASE 

The objectives for the Design Phase of the Study Program 
were to perform the following basic tasks: 

A. Develop the necessary improvements in  burst disc 
design and provide installation procedures that will 
correct field problems resulting from corrosion, con- 
tamination, and structural damage. 

B. Analyze t h e  problems associated with burst discs 
and their installation wi th  particular attention to 
sealing after disc replacement. 

1.1.3.1 Design Criteria 

Upon completion of the hardware evaluation, t h e  design 
criteria for burst discs was formulated. This Phase I design 
criteria included: 

A.  

B. 

c.  

D. 

E .  

F. 

Establishing the disc burst pressur% 9 within t h e  
range of previous requirements (25 -g psi). An 
evaluation of t h e  inner line structural integrity 
placed 50 psig a s  the  maximum pressure allowable. 
With a high tolerance i n  burst pressure, a coated 
disc for corrosion protection was made possible. 

Flow requirement for the burst disc is 350 sc fm.  

The burst disc shall be compatible with launch en- 
vironment experienced a t  Complex 3 9 ,  Kennedy 
Space Center for a minimum period of five years. 

Proof pressure of t h e  body is 150 psig. 

Maximum leakage allowable 1 X STD cc GHe/ 
sec whi le  maintained a t  1 atmospheric external and 
evacuated to one micron internal. 

The unit operatigg temperature shall be from plus 
200 to minus 65 F. 

1.1.3.2 Design Objectives 

The burst disc program design objectives were developed to 
assure that no area i n  burst disc design would be overlooked 
that would ultimately affect part reliability. Proposed hard- 
ware will be designed to include the following objectives: 
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A .  

B .  

C .  

D. 

E .  

F .* 

G. 

Improved seals and seal sea t ing  design: 

A reduction or elimination of t h e  potential  for con- 
tamination during instal la t ion and maintenance 
operations: 

Corrosion r e s i s t ance  from salt fog environment; 

Sea l  from external contamination such  a s  sand and dust: 

Low profile s t a i n l e s s  steel body t o  reduce impact damage; 

The unit shall  be of s u c h  a des ign  tha t  technicians 
unfamiliar with vacuum equipment c a n  perform mainte- 
nance.  

Seal  leakage potential  due to contamination of "0" 
rings will  be  reduced. 

Component Design Review 

Each component reviewed has  been done so with the intention 
of improving the cr i t ical  a r e a s  of the  des ign  i n  the following 
areas:  

A .  Sealing surfaces: 

B. Seal  materials;  

C. Disc  (diaphragm) materials; 

D . Lubricants; 

E.  Sealants:  

F. Corrosion res i s tance ;  

G. Vacuum support (if required). 

The pneumatic des ign  requirements were anlyzed to determine 
t h e  optimum of worst  c a s e  conditions relative to: 

A .  Fluid medium; 

B. Annular space; 

C.  Flow area required compatible with maximum flow. 

The structural  des ign  requirements were a l s o  analyzed to  
e s t ab l i sh  t h e  optimum in: 

A .  Materials;  

B. Shock and vibration stabil i ty;  
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C. Welding and assembly; 

D. Replaceability of seals and d i s c s .  

1.1.3 . 3  Analysis 

In order to support development des igns ,  it was  necessary  
to e s t ab l i sh  minimum flow requirements tha t  could be used 
i n  the development of hardware. 
for a preliminary des ign  were: 

The main areas of concern 

A. Establish the  maximum s i z e  of l ine failure (crack in  
the  weld result ing from inclusion, porosity, or gas 
hole) based on failure history for welds: 

B .  Establish the  maximum volume of fluid that  would 
enter  t he  vacuum annulus  creating the over-pressuriza- 
t ion condition. 

C .  Establish the  volume of g a s  boil-off that  the burst  
disc would be required to flow in  the  event  of a line 
failure (and es tab l i sh  which cryogen would resul t  in  
the  highest  boil-off rate). 

D. Establish the  pressurization of the  annular space 
result ing from a n  external  l ine failure.  

The anaIys is  (See Appendix) es tabl ished t h e  requirements for 
the  ini t ia l  des ign  development performed a t  AMETEK/Straza and 
hardware manufacturers. The manufacturing and welding failure 
history a t  Straza was  reviewed to es tab l i sh  t h e  maximum possible  
fatigue crack,  weld c rack ,  or weld porosity that  could occur in  
a vacuum jacketed cryogenic l ine.  The size of failure w a s  
es tab l i shed  a s  . 010 inch by 1.0 inch long for a maximum . O l O  square 
inches.  

The ana lys i s  indicated that  a one-half inch diameter burst disc 
would provide a safety factor of 5 .0  in  handling flow created by  
a failure from a .010 inch hole i f  t he  failure occurred on  the 
inner l ine.  

The following investigation determined that  the effective size 
of the  burst  d i s c  assembly should be one inch to safely discharge 
accumulated air from the annulus  of a leaking outer vacuum 
jacketed l ine.  
the  annulus  will  be based  o n d  hole . 010 square inches i n  a rea  
in  the vacuum jacket  of a liquid hydrogen l ine.  

The m o s t  reasonable  assumption for leakage into 
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The liquid hydrogen inner l ine will  be covered with a t  least 
ten layers  of radiation shielding,  
that  provide thermal r e s i s t ance  to hea t  f lux  input into t h e  LH2 
line.  They a l s o  serve  t o  reduce the heat f lux  into t h e  annulus 
during the  warm gas purge which follows propellant loading 
operations e 

These a re  radiation insulators  

Test r e su l t s  published by t h e  National ReseaLch Corporation 
indicated a temperature of approximately 540 F o n  the  ex- 
ternal  layer  of their  insulat ion in  a vacuum of 10-4 mm of 
Hg for liquid nitrogen. When the vacuum is broken by  the  
inrush of air through a vacuum jacke t  opening, some of the  
a i r  will  penetrate the  insulat ion,  thus increasing its thermal 
conductivity. The remainder of the a i r  i n  t h e  annulus  will  
also increase  the  overall  thermal conductivity,  with the end 
resu l t  being a drop in  temperature of t h e  insulation and the 
vacuum jacke t .  

The continuous hea t  f lux input will  drive the molecules of 
a i r  with the higher energy leve ls  to  the circular inner l ine 
where they  will  condense and run off a s  a liquid and s lush .  

This liquid and s l u s h ,  when dropping off the inner l ine ,  wi l l  
impinge on  t h e  re la t ively hot vacuum jacket  and vaporize in  . 
the  same manner tha t  water  droplets wil l  vaporize on the  sur- 
face of a hot s tove .  The a i r  will  continue recycling from 
g a s  to  liquid and s l u s h  for the  ent i re  period of transfer t ime.  
In some cases where the  annular space is less than one inch, 
it m a y  be possible  t o  f i l l  t h e  annulus  with s l u s h .  Following 
the LH transfer ,  rapid warmup of the  l ine occurs by con- 
tinued %eat input t o  t h e  outer jacke t  and inner l ine from a 
warm purge. This  added heat  causes a rapid pressure build- 
up in  t h e  annulus .  The rate of the pressure increase  es tab-  
lishes the  venting capac i ty  requirement for t h e  l ine annulus .  
The ana lys i s  (See Appendix Item b, 1 ,2 ,  & 3) shows th is  
minimum flow orifice required to flow the generated gas is 
one inch in  diameter. 

This or'  ice will  flow 6.50 f t  / sec ini t ia l ly ,  then decay  to 
zero f t  /sec in 6 . 2 2  minutes,  approximately a t  sonic  velo- 

' city a t  a A P W . 5 .  After 6 . 2 2  minutes,  t h e  total  flow capa-  
bility would be 2 , 4 2 6  f t  . 

3 9 
3 

An ana lys i s  was  a l s o  made t o  determine t h e  s i z e  of burst  
disc f o r , m r i o u s  l ine  s i z e s  ranging from one inch inner l ine 
and two and one-half inch outer l ine ta 22-inch inner l ine 
and 24-inch outer l ine .  
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The results of t h i s  analysis indicates that a one-inch 
diameter burst disc  is adequate to safely relieve the annulus 
pressure of any LH2 line size from 1" X 2 1/1" to 2 2 "  X 24"  
and 20 feet long. 

Application 

1.1.3.4 Sealing Methods, Materials and Usage 

Metal Sealing for Burst Disc 

The degree to which the seal is affected on the burst disc 
design is accomplished by making one of the surfaces rela- 
tively soft and compliant so that it readily conforms to the 
harder surf ace irregularities , 

Sufficient sealing load is also required to plastically deform 
the softer of the two sealing surfaces. By carefully finishing 
the mating surfaces, good sealing can also be achieved with 
reduced sealing loads. Resiliency of the metal seal for t h i s  
application is of little concern within the study operating 
temperature parameters. 

Besides the basic consideration of the seal material properties 
and interface conditions, seal load is to be considered if the 
stringent leakage requirements are to be met. 

In general, the better the f in i sh  of the mating surfaces, the 
lower the stress required for achieving a good seal. 

Surface Finish for Metal to Metal Seal 

Surface topography determines the degree of interface sealing. 
Data is available which shows the typical application of surface 
roughness values which may be obtained by various manufacturing 
methods. A s  a general rule, metal seals require 4 to 16 micro- 
inches,  depending primarily on lay. 
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Metal to Metal Compression Sealinq 

Plastic deformation plays a n  important role in  metal to 
m e t a l  sea l ing .  Five separa te  conditions of material flow are 
experienced : 

A. Initial contac t  between two surfaces  having some 
asper i ty  resu l t s  in plastic deformation a t  some high 
asperities under low apparent  seal stress. There is 
little overall increase  i n  ac tua l  contact  area over 
the unloaded condition. This loading is inadequate 
to accomplish seal ing.  

B. A s  the  load inc reases ,  the asper i t ies  of average 
height come into contac t  and deform plast ical ly .  A 
rapid increase  in  ac tua l  contact  area with nominal 
increases  i n  normal s t r e s s  is experienced,  Leakage 
in  this  condition dec reases  with s t r e s s  more rapidly 
than in  condition (A). A t  the  end of condition (B), 
the apparent s e a l  s t r e s s  is near the yield strength of 
the weaker material. 

C.  Plastic flow of the asper i t ies  cont inues ,  and  pile-up 
of material  between asper i t ies  begins Strain harden- 
ing and  bulk flow of the sof ter  material  begins during 
this  condition. 

De Bulk flow of the seal material increases  the ac tua l  
contact  a rea  by shearing along the surface and by 
physically increasing the apparent a rea  of contact .  
The amount of bulk is dictated to a large degree by 
the  ac tua l  seal s t r e s s  hardenabili ty of the seal ma- 
ter ia l .  

E .  The normal stress begins to c a u s e  bulk flow of the 
harder material e This condition should be avoided 
i f  it is intended that  the joint  be opened and  then 
relea sed  . 
Although dependent on  surface f inish,  mating of 
metal to metal surface generally requires a sea l ing  
s t r e s s  of two to  three times the yield s t rength of the  
sof ter  material. 

Metal  to Metal Sealing by Shear Deformation 

The yielding necessary  for the production of seal between 
two material surfaces  is not caused  by a high compressive 
stress a lone ,  but by a combination of s t r e s s e s  exis t ing in  
the material to be deformed. S t ress  can  be applied in  a 
manner that  c a u s e s  the soft material to s t ra in  in  shea r ,  
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thereby requiring less load to achieve  a plastic stress con- 
dit ion a t  the sea l ing  interface.  
and  other geometrics which c a u s e  high s t r e s s  concentration 
factors c a n  be used to accomplish th i s ,  

Knife edges ,  shea r  "0" Rings / 

Materials Properties for Sea ls  

Any sol id  material c a n  potentially be used as  a seal; however, 
the idea l  seal material should have the following properties: 

A. Capabi l i ty  of storing elastic energy to allow the 
seal to maintain interface loads under conditions of 
resi l iency or  low e l a s t i c  modulus . 

B. Capabili ty of containing high differential pressures  
without deformation (high yield strength).  

C .  Capabili ty of deforming and conforming to minute 
surface asper i t ies  (soft). 

D. Resis tance to damage during handling or operation 
s u c h  a s  n i cks ,  cu t s  I scra tches  (hard). 

E .  Resis tance to creep  or s t r e s s  relaxation a s  a resu l t  
of applied load or elevated temperatures (s table  and  
iner t ) .  

F .  Easy to  fabr icate  (low cost). 

G.  Capaci ty  for unlimited re -use ,  

H. Chemical compatibility with the sea led  media. 

I. Resis tance to fluid flow through the seal body (low 
porosity or low permeability). 

Obviously,  no s ingle  material  w i l l  m e e t  a l l  of the above re- 
quirements,  
has  been based on  the b e s t  combination of properties for 
the s tudy application. 

Selection of the metal seal for s tudy hardware 

In metallic seals , p las t i c  flow of one of the materials a t  
the interface is usual ly  required to obtain a n  effective seal. 
Softer materials with a desirable  high p las t ic  s t ra in  range 
will  usual ly  have a low ultimate s t rength level. To balance 
the requirements of high s t rength in  the seal body and  good 
p las t ic  flow under low stress a t  the interface,  hign s t rength 
materials a r e  often plated with a thin coating of a sof ter  
material. 
on Table 2, 

Plating materials and  their  applications a r e  shown 
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Table 2 .  Platings and Coatings 

PLATINGS AND COATINGS 

Plating or 
Coating 

Silver 

Gold 

Kel-F 

Platinum 

N icke l  
(soft) 

Lead 

Indium 

Aluminum 

Tin (pure) 

Copper 

: Standard Platings and Coatings for 
Metallic Seals 

(Adapt&, from :‘Metal V-Seal.” Car. 8800. 1964. Parker Seal Company, 
Culver Cdy, Calrfornia) 

Temperature 
Range (OF) 

- 325 to + 1650 

- 423 to + 1850 

- 423 to + 500 

- 423 to + 400 

- 423 to + 300 

- 423 to + 3100 

- 325 to + 2500 

- 65 to + 450 

- 320 to + 300 

- 423 to + 900 

- 32 to + 350 

- 423 to -I 1900 

General Recommendations 

Excellent general purpose plating for high temperature 
resistance, but generally less suitable for cryogenic 
temperatures than gold or Teflon. Excel lent chemical 
and radiation resistance. 

Similar to silver but somewhat better resistance to 
certain corrqsive fluids. 
perature resistance but higher in cost than silver. 

Improved high and low tem- 

Excellent coating for applications up to + 5OOOF. 
Excellent chemical resistance. Particularly suitable 
for cryogenic applications. 

Similar to Teflon (TFE) but somewhat softer and more 1 
I dense. 

(TFE). 
High temperature resistance lower than Teflon 

Similar to Teflon, but more resilient and plastic a t  
low temperatures, and generally higher in cost than 
Te f I on. 

Highest temperature-resistant plating. Normally 
l imited to use with ultra high temperature base 
metals such as TZM. 

High temperature-resistant plat ing but slight sacri- 
fice i n  softness and duct i l i ty  compared to other 
plo tings. 

Very soft plating but l imi ted temperature resistance. 
Suitable for cryogenic applications. 

I 

Suitable for vacuum applications; resistant to 
fluorine and certain other corrosive chemicals, 
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Seal  Re-Usability 

The--degree to which s e a l  components may h e  re-used after 
d i sassembly  is a n  economic consideration, particularly for 
separable  connector appl icat ions.  Tn general ,  when plastic 
deformation of one or both of the components is required to 
effect a seal, the component will  not be re-usable; i f  the  
deformation is in  the  elastic range,  the  components will  
probably be re-usable. In those a reas  where plast ic  deforma- 
t ion is required, consideration should be given in material 
se lec t ion  to limiting t h e  p las t ic  deformation to one compo- 
nent only,  

1.1.3.5 Burst Disc  Reliability Program 

A complete functional on-si te  review of Launch Complex 39 
and other Kennedy Space Center instal la t ions was  accomplished 
ear ly  in  the program to  gather t h e  maximum amount of ava i l -  
ab le  re l iabi l i ty  information on present burst  d i s c s .  

The Kennedy Space Center Data Bank and Failure Reporting 
Systems were fully interrogated for all ava i lab le  da t a .  Tab 
runs were made from t h e  data  bank and examined i n  de ta i l .  
Kennedy Space  Center and Boeing Reliability personnel were 
ex tens ive ly  interviewed. 

Straza internal failure data  for burst  d i s c s  was  tabulated and 
reviewed. A substant ia l  effort was  exerted to  identify and cal- 
culate the degree of severi ty  of each of the predominant failure 
modes for each of t h e  i t e m s .  

Subsequent to a comprehensive review of t h e  preceding in- 
formation, a bas i c  dec is ion  was  made concerning t h e  reliabi-  
l i ty calculat ions to be accomplished for burst  d i s c s .  

The exponential  distribution normally used a s  character is t ic  
of sys tems with many parts whose fai lures  will average out 
t o  e s sen t i a l ly  a random failure occurrence is not t h e  reliabil i ty 
frequency distribution which best descr ibes  t h e  character is  - 
tics of the i tems under study. 
distribution is a better descr ipt ion of the reliabil i ty character-  
i s t i c s  of the individual i tems.  
tribution have a failure ra te  tha t  increases  with t i m e :  essent ia l ly  

The "normal" probability 

Units following a normal d i s -  
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a "wear-out" character is t ic  due ei ther  to functional u s e  , cy- 
cling effects, or  effects of the environment such  as corrosion. 
The individual i t e m  rel iabi l i ty ,  therefore,  is equated to  the 
probability of survival (without failure) of the i t e m  for the 
two-year period. Where: 

Number of units which did not fail R =  T o t a l  number of units i n  u s e  
The probability of survival ra t io  uti l ized is the least com- 
plex of reliabil i ty calculat ions , but was necess i ta ted  basically 
by the absence  of subs tan t ia l  time-oriented da ta .  

I t  was  determined tha t  heavy rel iance would be placed on 
establ ishing cr i t i ca l  failure modes and  uti l izing the reliabil i ty 
(probability of survival)  numbers as  a measure of the sever-  
ity of each  failure mode. I t  was recognized tha t  the minimal 
data  and  differences of environmental and other factors mixed 
in  the data was l ikely to introduce a n  uncertainty into the 
reliabil i ty numbers. But , by using the  same approach for 
each  of the subsequent  calculat ions and evaluations , it 
would be poss ib le  to e s t ab l i sh  the relative degree of improve- 
ment or degradation from tha t  es tab l i shed  base  l ine .  The 
relative measure of improvement was determined to be the 
primary quantity required by the  s tudy ,  rather than a fixed 
true reliabil i ty number for a long operation period with a 
high confidence factor?  That figure is not avai lable  with 
the data recorded. 

' 

Engineering Reliability supported the Phase I s tudy  of burst 
d i s c s  using a four-step approach to the problem. The 
methodology uti l ized was intended to provide the maximum 
vis ibi l i ty  of the over-all  sys  t e m  s i tuat ion to the  individual 
detai led design problems. 
m i l e s  tones were used:  

The following four reliabil i ty 

A. Document ac tua l  exis t ing hardware rel iabi l i ty ,  

B. Establ ish preliminary reliabil i ty goal .  

C .  Establ ish present  state-of-the-art reliabil i ty e 

D. Establ ish final reliabil i ty goal .  

Exis tinq Hardware Reliability 

The comprehensive review mentioned previously was per- 
formed in  conjunction with the des ign  engineer to  es tab l i sh  
what  t he  operational requirements demand of the various 
comporents versus  what is the inherent capabili ty of the 
equipment to satisfy that  demand. 
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A l l  failure da ta ,  repair  d a t a ,  maintenance da ta ,  unsat isfac-  
tory condition or procedure d a t a ,  and a l l  operating environment 
da ta  made avai lable  by t h e  Contracting Agency w a s  reviewed 
and a detai led examination or ana lys i s  made a s  to the cause and 
effect of each incident.  Each component def ic iency w a s  categorized 
and a determination made of t h e  re la t ive contribution of th i s  type 
of deficiency to the total  performance of the component. 

By the sys temat ic  grouping of fau l t s  and the establ ishment  of 
the  degree of effect on performance of each  category of fau l t ,  
v is ibi l i ty  w a s  provided to  d i rec t  a t tent ion to a reas  of grea tes t  
need and g rea t e s t  potential  for improvement. 

The  exis t ing hardware reliabil i ty value and t h e  calculat ions 
from which it was  derived were documented and the derived 
value was  cross-checked with avai lable  in-house data  on  
t h e  same type components (See Table 3) .  

Preliminary R e  l iabil i ty Goa 1 

The preliminary reliabil i ty goal  was  es tab l i shed  using the  
exis t ing hardware rel iabi l i ty  va lues .  
i n  ana lys i s  of exis t ing hardware failure modes was  uti l ized 
to sat a preliminary goal  of eliminating those  modes most prac- 
t i ca l  to do  so or improvement in  those  areas of grea tes t  impa'ct 
on  performance 

The insight developed 

Preliminary Reliability Goal - Burst Discs  

A ,  Failure Potential 

(1) Possibil i ty of damage from external causes: 
(a) Shock 
(b) Impact 
(c) Vibration 
(d) Handling 
One unit out  of 3000 will  leak a s  a resu l t  of 
(a) ,  (b) and (c). (R = .9996) 
One unit  o u t  of 3000 will  be  damaged to the 
extent  tha t  leakage will  resu l t .  (R = ,9996) 

(2) Possibil i ty of damage to  mating sur faces ,  seal 
f a c e s ,  etc., a s  a resu l t  of disassembly.  
(a) Removal of col lar ,  d i s c ,  "0" Ring, etc. ,  

t o  assembly  onto l ine assembly wil l  resu l t  
i n  one unit having foreign matter added out  
of 3000 uni ts .  (R = .9996) 
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This wi l l  resu l t  in  "0" Ring damage 
and will  require replacement of "0" 
Ring. 

(b) Removal of d i s c  will resu l t  i n  damage 
to the d i s c ,  
prematurely rupturing a t  1 5 ps ig 
(one unit out  of 3000) .  

This wi l l  resul t  i n  d i s c  

(R = .9996) 

(3) Possibil i ty of corrosion due to atmosphere. 

(4 Possibil i ty of damage to internal surfaces  
due to foreign materia1 being introduced into 
valve from annulus - None, 

(5) Possibil i ty of unit assembly wi l l  resul t  in 
leakage a t  weld (one weld out  of 3000 uni ts) .  
(R = ,9996) 

(a Will  necess i t a t e  removal of internal 
uni t  and effect weld repair. 

(6) Failure due t o  faulty vendor parts being ra- 
ceived a t  Straza prior to assembly - body 
porosity,  

(a 2 "/c of 300 units = 6 uni ts .  Wil l  not 
cauqe a ser ious failure,  but wi l l  be 
discovered during system checkout.  
(R = ,9980) 

(7) Possibil i ty tha t  unit , 4 3 1 1  not flow adequate  
amount of gas  under catastrophic  leak into 
annular space .  

(a 1 None - Unit wi l l  be designed under 
worst  condition flow capabi l i ty ,  

(8) Possibi l i ty  of "0" Ring failure due to age  
and  incompatible lubricants.  

(a ) Age cOntral wi l l  be implemented to  
preclude "0" Ring €ailure due to im- 
proper aging - fail one out of 3000 
uni t s ,  (R = .9996) 

(b) Lubricant compatibility and exclusion 
of lubricant wi l l  resul t  i n  two out of 
3000 replacement due to leakage a t  
"0" Ring. (R = .9993) 
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Total failure potential from all causes s u m  
of Items (1) through (8) above. Total relia- 
bility considering all failure modes: 
R =  .9953 

State-of-the-Art Reliability 

A data search was instituted using customer data, vendor 
data, industry data, and in-house data. The reliability 
data services of the  IDEP Program, the FARADA Program, 
the Defense Documentation Center IASTIA), the NASA In- 
formation Center (PRINCE), the VSMF Design Data File, and 
others were utilized (See Table 4) .  

The accumulated data was used to define the current state- 
of-technology for each of the components, Emphasis was 
placed on the actual operating test data when available, 
rather than potential achievements or analytical projections . 
The data accumulated was correlated to the  same format a s  
the data on the existing hardware so far a s  possible. This 
provided a basis of comparison and illuminated the  detailed 
areas where improvement potential existed. 

The state-of-the-art reliability was heavily dependent on 
vendor information and on specific available design types. 

Final Reliability Goal 

The final reliability goal was established based on the final 
component configuration defined i n  the final Phase I Techni- 
cal Report. It is a numeric expression of the inherent im- 
provement i n  performance based on the  physical change to 
the component. 

The elimination of a failure mode or a demonstrated decrease 
in  probability of occurrence of an unsatisfactory condition 
or procedure is required to justify an increase i n  reliability 
level. 

Several trade-off studies/analyses were conducted i n  the 
course of t h e  study. Evaluation from a reliability and fail- 
ure modes viewpoint was made of four basic types of burst 
discs. A further study was made between the  reverse buck- 
ling and Belleville spring type as  a direct comparison. 

A sequential test design for reliability was established a s  a 
guide to the design engineer in  determining the number of 
tests, test cycles or test specimens required, and the sig- 
nificance of the testing a s  related to confidence level of the 
hardware projected reliability. 
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The f inal  reliabil i ty goal  is based  on the reverse  buckling 
type configuration with cutt ing b l ades ,  

I t  is assumed the  s a m e  failure potential as indicated i n  the 
preliminary reliability goal calculat ion still exists, i e e e I 

the  same environmental and operational s t r e s s e s ,  and that  
the  basic failure modes are: 

(1 1 Damage from extarnal c a u s e s  

a)  Shock 
b) Impact 
c) Vibration 
d) Handling 

Disassembly damage 
a)  Assembly to l ine 
b) Disc  replacement 

(3 1 Corras ion 
(4) Contamination 
(5) Weld leakage 
(6) Inadequate f low 
(7) Seal  failure 

Based o n  the latest configuration and assuming substant ia t ion 
during test phase ,  the b a s i c  failure modes have been modified 
or eliminated a s  follows: 

(1) External damage 

a )  
b) 

Shock - none (same a s  before) 
Impact - one (1) of 3000 a s  s ta ted  

in  preliminary review (still 
possible) 

c) Vibration - none (same a s  before) 
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1.1.4 

1.1.4.1 Test Plan 

The Phase I1 Test Plan (including the hardware procurement) 
is submitted with t h e  P h a s e  I Technical Report to reflect 
t h e  technology gained through the  Phase I t ask  and express  
the  philosophy for t he  remainder of the  Vacuum 'Jacketed 
Lines Technology Advancement Program. The Phase I1 plan 
is the resu l t  of the s tudy ac t iv i ty  tha t  has  been conducted 
during Phase I as  the program has  evolved through the  
various s t a g e s  of development including: Hardware Eval- 
uation, Product Review, Reliability and Design Phases .  

In summary, the  conclusions and recommendations tha t  gre  
presented in  th i s  Phase I1 test and procurement plan re-  
present t h e  total program effort expended by Management, 
Engineering, Reliability and hardware supplier to des ign ,  
produce, and test a burst  d i s c  tha t  will  be compatible with 
graund support and airborne requirements and environments. 

1.1.4.1.1 Scope 

The purpose of t h i s  test plan is to descr ibe  t h e  tes t ing 
methods, hardware procurement, test cri teria and test 
object ives  for  des ign  verification tes t ing of burst  d i s c  
improvements. 

1.1.4.1.2 Object 

The Phase I1 Test Program, wil l  demonstrate through completion 
of the verification tes t ing ,  a significant increase  in  reliability 
and operational performance. Improvements in  burst  d i s c  des ign  
will  el iminate the failure modes which exists in  present  hardware. 

1.1 ~ 4 ~ 1.3 Test Philosophy 

The reliability program has  paralleled t h e  design phases  as  all 
improvements i n  t h e  hardware have bken made to  eliminate a 
definite failure mode or problem area, 

Testing requirements a re  based  on the reliabil i ty Failure Mode 
Analysis. The following list indicates  the failure mode and 
the appropriate test tha t  wil l  provide des ign  verification. 
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Failure Mode Design Verification Test 

Contamination 
Corrosion 
Damage from externally 
applied loads 

Shipping Damage 
Structural Integrity of 
disc body 
Assembly damage and 
seal s tab i l i ty  

Basic Design Verification 

Verification of d i s c  coating 
Design Verification 
Design Verification 

Sand and Dust 
Sa I t  Fog 
Vibration 
(1) Sine 
(2) Random 
Shock 
Proof Pressure 

Disc  Assembly - d i s -  
assembly  test 

Thermal Shock 
Flow Test 
Burst  Pres sure  

1.1.4.1.4 Applicable Documents 

The following documents form a part of t h i s  test plan to  t h e  
extent specified herein: 

SP-4-38-D Acoustics and Vibration Environments 
and tests specification leve ls  ground 
support equipment, Launch Complex 39. 

NASA TMX-53023 Terrestrial Environment (Climatic) 
Criteria Guidelines for u s e  i n  space  
vehicle development. 

MIL -STD - 81 OA Environmental Test Methods for Aero- 
(USAF) space  and Ground Equipment 

MSFC-SPEC-2 79 Electronic Capabili ty 

KSC -STD-l64D Environmental Test Methods for Ground 
Support Equipment Installation a t  Cape 
Kennedy. 

1.1.4.1.5 Test Requirements 

Prior to and as a condition of acceptance ,  the supplier sha l l  
subjec t  each unit to the  acceptance  tests of Table 8 in the  se- 
quence shown. The contractor reserves  t h e  option of reconduc- 
ting any  or all of t h e  acceptance  tests as  receiving inspection. 
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TABLE 5 
I 

Acceptance Tests 

Test Page No, 
-. 

Examination of Product 83 
Functional Test 80 
Proof Pres s ure 8 3  

Burst Test (Sample) 83 

.----.-cr__---- 

Design Evaluation Tests  (To be conducted by AMETEG’Straza) 

Design Evaluation Tests  

Test 

Sa l t  Spray 
Sa lid and  Dust 
Sine Vibration 
Randon Vibration 
Flow Test 
Burst Test  
Shock 
Thermal Shock 

Testinq Sequence 

- 
Page No. 

84 
83 
84. 
84 
.8 3 
83 
84 
84 

Tests wi l l  be conducted in  the sequence  tha t  is the most 
cons is ten t  with operational environments under normal 
instal led conditions.  
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Testing Sequence (Continued) 

Development Testing 
A.  Burst Disc Development 
B .  Disc  Cutter Evaluation (Salt Fog Test) 

Design Evaluation Testing 
A. Disc  Burst Test 
B .  Proof Pressure Test 
C .  Flow Test 
D. Sand and Dust Test 
E.  Sal t  Fog Test 
F.  Shock Test 
G. Thermal Shock Test 
H . Sine Vibration Test 
I .  Random Vibration Test 
Test Data Sheet 

The test data  shee t  sha l l  be  f i l led out i n  its entirety and 
signed by all personnel involved in  performance of t h e  test 
a t  t h e  t i m e  of test or immediately following the  t e s t .  

Photographic evidence shall be made of the specimen following 
each individual test. The photographs sha l l  be  identified with 
da t e ,  type of test, specimen identification and any  unusual 
condition present.  

Test Report 

A test report following t h e  test program will  be prepared. 
report will  include a l l  f ac t s  and conclusions,  which a r e  the  re- 
su l t s  of the  tests. In addition, t h i s  report will cqntain a sect ion 
ent i t led,  "Recommendations. I' This sec t ion  will contain sugges-  
tions regarding further design improvements wh ich  a re  a resul t  
05 t h e  test program. 

This 

1.1.4.1. 6 Development Program 

AMETEK/Calmec Burst Disc  Development 

The reverse  buckling type burst d i s c  proposed by t h e  AMETEK/ 
Calmec Company requires a development program to es tab l i sh  
several  critical design parameters prior to hardware fabrication 
and subsequent  design verification tes t ing.  
inc 1 ude s : 

This  development 
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A. Establishing the optimum burst disc material and 
thickness. The minimum materials to be tested 
include: 316L, Monel, Inconel and Nickel. 

Knife blade materials to be tested are 17-7 PH 
and austenitic stainless steels. Both the disc 
diaphragm and knife blades will be evaluated bare, 
wi th  a teflon coating, silicone coating and gold 
plating. 

These coatings will be tested to determine the 
effect on burst tolerance, ease of application, 
consistency i n  producibility, and protection from 
corrosion. 

B, Evaluation of the cutter blades i n  a corrosive salt 
fog atmosphere with and without plating or coating, 
Evaluation will be made of the cutting capability 
after salt fog tests and assembly of the knife blade 
into the burst disc assembly. 

1.1.4. '2 Test Procedure 

1.1.4.2,l Burst Disc Cutter 

Stainless steel Burst Risc Cutters will be supplied to AMETEK/ 
Straza in  the following configurations: 

A .  Unplated 
B.  Gold Plated 
C , Teflon Coated 
D. Silicone Coated 

The specimens shall be placed in  salt spray chamber and ex- 
posed to a solution of salt,  5 parts by weight in 9 5  parts by 
weight of water, at  SOT' for a period of 2 4 0  1 2 hours, The 
specimens will be non-operating during this test. 

Following the salt fog test the effects of tha corrosive atmos- 
phere will be determined by profilometer and shadowgraph 
template. 

Upon completion of burst disc cutter evaluation, the cutters 
shall be installed into burst disc assemblies and a burst 
test perfgrmed to determine the sharpness of the cutter following 
ths salt fog test. 
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This test and all subsequent des ign  verification testing 
sha l l  be performed in  accordance with the  requirements of 
KSC-STD-164D. 

Upon determination of the  optimum cutter,  burst d i s c  assem- 
blies sha l l  be fabricated incorporating t h e s e  cut ters  and 
shipped to AMETEK/Straza for the completion of the Phase I1 
Testing. 

1.1.4.2.2 Burst Disc  Assembly 

Examination of Product 

The burst  d i s c  sha l l  be carefully examined to determine con- 
formance to specif icat ion with r e spec t  to material, size, weight,  
construction, identification, marking and quality of workmanship. 

Functional Test 

The test specimen sha l l  b e  evacuated b y  means of a helium mass 
spectrometer to 1 x 10-4 mm Hg or better. A p las t ic  bag sha l l  be 
placed over the  outs ide of the specimen and helium admitted into 
the  bag until  a l l  a i r  is d isp laced .  The leakage test sha l l  be ac- 
complished using a helium mass  spectrometer set a t  a sensitivity 
of 1 x lo'* scc/sec of helium, Following th i s  leakage test, pres-  
sur ize  the  specimen from 0 psig to 2 0  psig a t  a rate of increase  in  
pressure not to exceed 5 psig per minute. Repeat leakage test 
after d i s c  functional pressure test. 

Burst Pressure Test 

The burst  test sha l l  be conducted on  three (3) specimens of each  
type tested. Each specimen sha l l  be pressurized to 30  f 5 psig 
a t  a n  increasing ra te  not to exceed 5 psig per minute. 

Exact rupture pressure sha l l  be recorded together with any  
variations tha t  occur  during test, 

Proof Pressure Test 

The proof pressure test sha l l  b e  conducted on e a c h  specimen. 
The burst  d i s c  diaphragm sha l l  be protected from the pressure 
and the specimen sha l l  b e  pressurized with helium gas to a 
pressure of 150 psig and held for a period of two (2)  minutes.  
During the  pressure t e s t ,  the  specimen sha l l  b e  leak tested. 
FDllowing th is  test, t he  functional test sha l l  be performed. 

Flow Test 

A flow test sha l l  be conducted on each  of the  three (3) burst  
d i s c  specimens used to test for burst  pressure.  
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3 The flow rate shall be 350 cubic feet per minute (ft  /min) of 
GN warmed to a temperature of -110'F. Following t h i s  test, 
the2functional test shall be performed. 

Sand and Dust  Test 

The test specimen shall be exposed to sand and dust a t  an 
air velocity of 100 feet to 500 feet per minute a t  77OF for a 
period of two (2) hours. A t  the end of this  period, t h e  tempera- 
ture will be raised to 16OoF and th i s  condition will be main- 
tained for an additional two (2) hours, The specimen will be 
non-operating with protective covers i n  place, Following this  
test, the functional test shall be performed. 

Salt Fog Test 

The test specimen shall be exposed to a solution of sal$, 
5 parts by weight in 95 parts by weight of water, at  9 5  -& F 
for a period of 240 f 2 hours. The specimens will be non- 
operating with protective covers i n  place. Following th i s  test, 
the functianal test shall be performed. 

Shock Tes! 
The test specimen shall be subjected topeak shock pulse level 
of 30 g attained i n  10 f 1 millissconds. The total pulse duration 
shall be 20 f l  milliseconds. Following this  test, perform 
functional test. 

Thermal Shock - High Ternparbture 

The specimen shall be exposed to an area flame a t  140OoF - 0 
for a period of ten (10) seconds. Following the high temperature 
test, the specimen shall be subjected to the functional test 

+lo00 F 

Sine Vibration Test 

The test specimen shall be subjected to sine frequency cycling 
along each of three (3) mutually major perpendicular axes, A fre- 
quency cycle shall consist of sweeping the frequencies from 20 
to 2000 to 20 cps in ten (10) minutes. The rate of frequency 
change shall be logarithmic. All resonant frequencies will be 
recorded during the frequency cycling test. Following the sine 
vibration test, the specimen shall be subjected to the functional 
test. 
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Table 7. Sine Vibration Test 

Frequency Search Freq . Cycling 

150 - 292 0.003 in.  da.  0.006 in.  da .  
292 - 2000 'r 13 g f 26.0 g 

20 - 150 & 3 . 5 g  k .7 .0  g 

Random Vibration Test 

The test specimen sha l l  be  subjected to random vibration 
for a period of t e n  (10) minutes in  each  of three (3) mutually 
perpendicular axes at a n  ambient temperature. 

Table 8. Random Vibration Test - - - - __ - 

Frequency - CPS Vibration Level 

+ 6 DB/Octave 10 - 100 
100 - 1000 

1000 - 2000 
. 5  g 2/cPs 
-6 DB/Octave 

Procurement Plan 

Test Specimen Selection 

Fike Metal Products and AMETEVCalmec were selected for their 
capabili ty to des ign  and fabricate the  Phase I1 test hardware. 
Selection was  based  on  a s  comprehensive a n  evaluation as pos- 
sible including: Design reviews, reliability des ign  ana lys i s ,  
and elimination of failure modes establ ished by failure mode 
ana lys i s .  Specimens to be procured include: 

Fike: 

Fike: 

Calmec: 

Union type burst  disc removable 
d i s c  assembly , Ten units required, 
Union type burst  d i s c  all welded unit, 
Ten units required. 
Union type burst  d i s c  removable d i s c  
assembly.  Ten units required. 

Miscellaneous seals of various elastomer compositions will be 
procured and evaluated e 
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1.2 PHASE I1 PROGRAM 

The Phase I1 Test Program of the NASA Vacuum Jacketed Umbilical 
Lines Technology Advancement Program was conducted to evaluate 
design improvements needed to  eliminate the  problems that  were 
being experienced at the  Cape Kennedy launch complex with the  
presently instal led burst  d i s c s .  

The procurement specifications were mailed to burst d i s c  manu- 
facturers on a competitive quote bas i s  for Phase I1 test specimens.  
The AMETEK/Calmec Company of Los Angeles, California, and the 
Fike Metal Products Company of Blue Springs, Missouri, were 
accepted as sources (see Figure 1). Black, Sivalls and Bryson 
(BS & B) submitted a design that  was  worthy of consideration for 
t e s t ,  but could not be procurred within budget requirements. 

Prior to purchasing the test specimens a Burst Disc development 
program was  completed to  es tab l i sh  cr i t ical  design parameters. 
This development program consis ted of establishing the following 
design parameters: 

1. 

2 .  

3 .  

Optimum burst d i s c  material and thickness .  This would give 
a thickness  which would provide the confidence level. in 
burst  d i s c  tolerance consis tency prior t o  hardware manufacture. 

A variety of d i sc  and cutter coating materials for corrosion 
protection. These would be evaluated €or their  effect on 
burst tolerance,ease of application, and consis tency in 
producibility e 

Evaluation of cutter blades after exposure to corrosive 
atmosphere. The cutter blades were provided with and with- 
out plating for evaluation of the  cutting capability a f te r  
exposure to  a corrosive atmosphere. The resu l t s  of this  
development program are  included as part of the final report. 

In summary, the  resul ts  were that Teflon, 17-7 PW for cutter,  
304L s t a in l e s s  for the  body is the recommended combination of 
materials tha t  wil l  meet the reliabil i ty requirements es tabl ished 
for this  hardware. 

Purchase Orders were placed for thirty burst d i s c  assemblies .  
AMETEK/Calmec supplied t en  replaceable assemblies. Fike Metal 
Products supplied ten  replaceable assemblies  and ten all-welded 
assemblies  (see Figure 1). 
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A l l  units underwent receiving inspect ion and functional tes t ing to 
determine conformance t o  vendor drawings and procurement spec i -  
f ications.  Following th i s  initial acceptance  the test specimens 
were subjected to the  Phase I1 tes t ing program. 

The Test Report, Para e 1.2.3, descr ibes  the  resu l t s  of tests con- 
ducted on Burst Discs  during the Phase I1 program. 

The Burst Discs  were subjected to a test program simulating 
various natural and induced environments to determine compliance 
with KSC-STD-164D "Environmental Test Methods for Ground 
Support Equipment Installations a t  Cape Kennedy. 'I This tes t ing 
has  provided the  des ign  evaluation information which is used a s  
a b a s i s  for recommendation to  NASA for future procurement of 
burst  d i s c s .  
and Phase  I1 a re  included following the  Test Report. 

The recommendations and conclusions for Phase  I 

The various tests tha t  were performed have enabled. AMETEK/ 
Straza to evaluate  t h e  test specimen under the most adverse 
environmental and operational conditions tha t  a r e  found a t  a 
launch complex a t  Cape Kennedy. 

Tests  that  were conducted evaluated t h e  bas ic  design features  
and structural  integrity of t h e  specimen. Evaluation of the bas i c  
des ign  included such  tests a s  (1) Receiving Inspection, (2) 
Functional, (3) Burst Pressure,  and (4) Proof Pressure.  Environ- 
mental tes t ing included (5) Sal t  Fog, (6) Sand and Dust.  
Operational tests included (7) Thermal Shock, (8) Shock, and 
(9) Vibration. 

Specimens 

The AMETEK/Calmec burst  d i s c  specimens purchased for t h i s  
program were manufactured with a burst  pressure of 30 to  40  psig. 
The following is t h e  resu l t  of the Burst Disc Test. 

Burst a t  39 psig 
Burst a t  4 0  psig 
Burst a t  4 1  psig 
Burst a t  43 psig 

4 Units 
1 Unit 
4 Units 
1 Unit 

Fike Metal Products burst  d i s c  specimens were purchased for t h i s  
program were manufactured with a burst  pressure of 30 f 5 psig. 
The following is the resu l t  of t h e  burst  d i s c  test. 

Burst a t  30 f 5 psig 
Burst a t  39 psig 
Burst a t  37 psig 

18 Units 
1 Unit 
1 
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Test Progran? k e s u l t s  

The Phase J t e s t  program validated the design concepts 
t ha t  were incorporated into test hardware, These  concepts  
were determined during Phase I to be the solution to the  
burst  d i s c  field instal la t ion problems a t  Kennedy Space 
Center Complex 39.  

1. 

2.  

3. 

4 .  

5.  

6. 

7. 

8 .  

Teflon coatinq of t h e  diaphragm and cut ter  was  
successfu l  i n  preventing corrosion. 

The replaceable  disc-cut ter  assembly was  successfu l ly  
removed and instal led on  the assembly without sub- 
sequent  leakage even under t h e  most adverse conditions 
following sand and dus t  test. 

The externally threaded AMETCK 'Calmec assembly 
allowed water to  penetratc in  the unit in  t h e  upside- 
down at t i tude,  This is considered a des ign  deficiency. 

The Fike Metal Products flat seat on the replaceable  
d i s c  required excess ive  torque (600 inch-pounds) to 
effect a seal. The Teflon gasket was  distorted and 
unusable af ter  one instal la t ion.  Maintenance w o d d  
be  difficult with t h i s  s e a l .  

The sea l ing  weld on the Fike replaceable  d i s c  assembly 
is subjec t  t o  manufacturing defects  and stringent quali ty 
controls would be required to make i t  a re l iable  unit. 

Functional tes t ing af ter  assembly  of t h e  specimens 
w a s  completed for all specimens. 

Proof pressure tes t ing w a s  completed o n  a l l  specimens,  
No deformation was  noted. 

Salt fog tes t ing w a s  successful in  showing t h e  re- 
l iabil i ty of t h e  Teflon coated diaphragm and cutter.  
No corrosion was noted. 
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9. 

10. 

11. 

12. 

13. 

Sand and dus t  tes t ing was  conducted with assembly/ 
disassembly operations also being performed successfu l ly  
and without subsequent  leakage.  

Thermal shock w a s  successfu l  i n  es tabl ishing the r e s i s t ance  
of th8  specimens and s i l icone S i las t ic  55 protective c a p  to 
1400 F flame for t en  (10) seconds .  

Shock tes t ing w a s  performed successfu l ly  without failure 
of any  specimen. 

Vibration tes t ing  was  conducted on  all specimens.  AMETEK/ 
Calmec 's  re ta iner  nut backed off a t  1800 c p s  and will  require 
e i ther  lockwire or  internally threaded nut for retainment . 
Burst tes t ing w a s  successfu l  i n  showing the  effects of 
damaged (dented) d i s c s .  The undamaged d i s c s  tha t  were 
burst  pressure tes ted  were within specification allowable 
and exhibited a high degree of cons is tency ,  

Development Program - Burst D i scs  

This development program cons is ted  of four (4) phases  
which included: Design, Labor, Development, Test and ' 

Material. AMETEK/Calmec provided the engineering, 
technical  se rv ices  and shop serv ices  necessary  to determine the  
optimum des ign  for a "reverse buckling'' rupture d i s c  a Calmec 
a l s o  performed the  tes t ing necessary  for determining the correct 
rupture d i s c  bulge height,  material ,  knife blade material and 
opt imum coating of both d i s c  diaphragm and knife blade.  The 
main purpose of t h i s  program was  to determine the correct com-  
binations of burst  d i s c  variables to a s s u r e  a rupture d i s c  and 
knife b lade  material tha t  would ensure penetration of t he  d i s c  
diaphragm by the knife blade.  It would also determine the effects 
of the coating on  the d i s c  diaphragm on rupture pressure tolerance.  
The d i s c  diaphragm materials included 316L, Monel, Inconel, and 
Nickel, Knife blade material considered as  a minimum included 
17-7 PH, and aus ten i t ic  s t a in l e s s  steels of as  many types as  
t i m e  allowed to be  tes ted .  Coatings and platings tha t  were to be 
evaluated included teflon and s i l icone  coating, gold plating, and 
bare material  e Following t h e  development program, AMETEK/ 
Calmec supplied knife blade assemblies with the various coat ings 
for preliminary salt fog corrosion tests. This test was performed 
prior to the f inal  assembly  of the  knife blade into the burst  d i s c  
assembly. Following the completion of salt fog tests on  the 
cut ters ,  a purchase order was  placed for test specimens.  The 
sa l ien t  features  of the resu l t s  of th i s  development program 
was (1) the  angular seat and teflon co.ating of t h e  d i s c  to serve  
as the seal, (2) incorporation of the  m o s t  current des ign  concepts  
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i n  t h e  burst  d i s c  industry s u c h  a s  d i s c  diaphragm and knife blade 
alignment, (3) plated knife blade,  (4) teflon coated d i s c  diaphragm. 

1.2.1 Rupture Disc  Development Report 

The following test report prepared by the AMETEK/Calmec 
Company, ref lects  t h e  test resu l t s  compiled during t h i s  
program. It  descr ibes  the method of performance, r e su l t s  
and recommendations. Several  graphs a r e  included showing 
material thickness  in  a pressure range of from 10 psig to 
60 psig.  
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AMETEK/Calmec . 

5825 District  Boulevard 
Los Angeles, California 90022 

Telephone: (213) 588-6204 
TWX: 910-321-4353 

, 

BDS-1 
1" UNION ASSEMBLY 

RUPTURE DISC 
DEVELOPMENT REPORT 

PREPARED FOR: AMETEK/Straza 

PREPARED BY: C . D. Anderson 

DATE : 6/13 /6 9 

C DA:bb 

APPROVED BY: , n'l &5b7,& ./J 
F. R.  O'Brien 
Project Engineer 
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1" UNION ASSEMBLY 

RUPTURE DISC 

DEVELOPMENT REPORT 

C 0 NTEN TS 

I .  REASON FOR TEST 

11. DESCRIPTION OF TEST APPARATUS 

111. TEST PROCEDURE 

IV . RESULTS OF TESTS, SUMMATIONS AND 
ANALY SI'S 

V. SUPPLEMENTS 
(A) HELIUM MASS SPECTROMETER TEST 

(B) DAMAGED DISC TEST 
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AMETEK/Calmec 

I .  

1" UNION ASSEMBLY 
RUPTURE DISC 

DEVELOPMENT REPORT 

REASON FOR TEST 

The purpose of this test is t o  determine the kind of material, 
th ickness  of material and equipment set t ings required to  
manufacture rupture d i sc s  to customer's  specifications.  

To determine the thickness ,  a number of d i sc s  must be 
pressurized to  destruction. 

11. DESCRIPTION OF TEST APPARATUS 

The major portion of the testing is accomplished in a hydraulic 
press  designed by the manufacturer t o  form the rupture d isc .  
The panel board on this  press  is equipped with the following 
Supergauges manufactured by U . S . Gauge , Division of 
AMETEK, Inc . : 
Fin.  No. Range Accuracy Calibrated 

1803 0-600 f 1/2% May 10 ,  1969 
1803 0-100 f 1/2% May 10,  1969 

The remainder of the testing is accomplished in a union 
assembly that  is fastened to the panel board. 

111. TEST PROCEDURE 

Forming the material to  the required rupture pressure is a 
function of the kind of material, th ickness  of material and 
draw pressure on the press .  

The following procedure is used  t o  achieve the required 
rupture pressure: 

1. . Determine kind of material to  be tes ted .  
2 .  
3. 
4.  Pressurize d i sc  to destruction. 

Select  one thickness  of this  material. 
Select  a draw pressure on press and form disc .  
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1”  UNION ASSEMBLY 
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Teflon Coated 
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Steps 3 and 4 may be repeated, selecting different draw 
pressures.  

If rupture pressure is not in range of customer specifications 
with this  thickness of material, repeat 2 
another thickness  of material. 

3 and 4 with 

This procedure is to be followed for e a c h  kind of d i s c  
material specified by the customer. 

IV. RESULTS OF TESTS, SUMMATIONS AND ANALYSIS 

Materials selected for the test were Incanel,  Nicke l ,  3161; 
Stainless  Steal and Monel. The knife blade would not 
properly penetrate the d isc  on the 3162 gtainless Steel and 
Monel when fwrned to  the required rupture pressure.  

The following graphs wil l  indicate pressure range per 
material thickness on materials tes ted 

Pres sure 

002 Thick Inconel 
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a, r: 
A u 

1” UNION ASSEMBLY 

RUPTURE DISC 
DEVELOPMENT REPORT 

-Mm -7” - - ---I----- 

MIN Teflon Coated 

.003 

1 
10 20 30 40 50 60 

Pres sure 
.003 Thick Inconel 
Maximum Teflon Coated rupture pressure was  not 
determined on this  test. 

Pres sure 

,0025  Thick Nicke l  

Maximum Teflon Coated rupture pressure was  not 
determined on th i s  test. 
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1 ”  UNION ASSEMBLY 

RUPTURE DISC 
DEVELOPMENT REPORT 

The minimum mark on each  graph is thLi minimum pressure 
tha t  the reverse act ing d i s c  would s n a p  through and get 
the proper knife blade penetration required. 

The maximum mark on each  graph is the  maximum pressure 
that  the reverse  act ing d i sc  wi l l  snap  through and maintain 
repeatabil i ty.  

Teflon coating the d i s c  will  increase the rupture pressure 
of the d i sc .  This increase var ies  with thickness  of the 
d i s c  material. 

The ,0025 thick nickel  was  se lec ted  as the material t o  be 
used .  The following rupture pressures  i s  test made with 
se lec ted  thickness  and draw pressure.  

Coated N o t  Coated - 
30 ?SI 
30 PSI 
34  PSI 
33 PSI 
34 PSI 
33 PSI 

SUPPLEMENTS 

A. 

36 PSI 
35 PSI 
3 7  PSI 
36.5 PSI 
37  PSI 
35 PSI 

Helium Mass Spectrometer Test  

1. 

2 .  Equipment: CEC Consolidated Electro- 

Custom r leakage requirement not t o  exceed 
1 X lo-’ STD CC of He/sec. 

dynamics Corporation Leak Detector 24- 120B 
(Calrnec Equip. No, 2109) 

(4 
3.  Test R e  s u  I ts  

Unit t es ted  with a copper protective 
cover: 

Torque - 150 f t  . -1bz4 
Leakage - 3 1  X 10 SCC of He/sec, 
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AMETEK/Calmec 

1" UNION ASSEMBLY 
RUPTURE DISC 

DEVELOPMENT REPORT 

(b) Unit without copper protective cover: 
Torque - 150 ft.-lb. 
Leakage - 3 X lo'* SCC of He/sec. 

A torque of 150 ft.-lb. was  the maximum 
practical  torque that could be applied. 
The leakage exceeded customer require- 
ments; therefore it was  determined that  
the copper protective cover could not 
be used  and maintain the 1 X 
of He specified.  

SCCS 

B. DAMAGED DISC TEST 

This w a s  a test to determine what the restilts would 
be on a d i s c  that  had a dent in  the crown caused  by  
handling or dropping. 

A dent  approximately 1 /2"  diameter w a s  placed in the 
crown of the d i sc .  The unit w a s  then attached to a 
vacuum pump to  determine how much of the dent could 
be drawn out. The vacuum was  .01  microns of Hg. 
Approximately 90% of the dent was  removed. 

Pressure w a s  then applied to the unit. The d i s c  
collapsed a t  1 2  PSI. A t  30 PSI knife blade penetrated 
d i s c  so  that  it ruptured. 

The conclusion of th i s  test is that  a damaged d i sc  
i f  used  will  fa i l  a t  a lower pressure than specified.  

C .  CUTTER TEST 

A test was  conducted using several  s ta in less  steels 
to  determine which material would perforate t h e  .0025 
nickel diaphragm. 304, 321 and 17-7PH were tes ted .  
17-7PH afforded a superior cutting edge and w a s  the 
only material that  would adequately perforate t h e  
nickel diaphragm. 

Page 73 



Burst D i sc  Material  

Depression Approximately 
1 /2 "  Mean Diameter 

Burst Di s c Diaphragm 
AMETEK/Calmec Burst D i s c  

F i g u r e  20. Burs t  Disc Diaphragm, With Dent 
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Burst Disc Material 

1 / 2 "  Mean Diameter Depression 
After Subjected to Vacuum 

(Note That Depression is Still in Evidence) 

On Pressure Testing, Unit Buckled 
at 1 2  psig - Ruptured a t  30 psig 

Burst Disc Diaphragm 
AMETEK/Calmec Burst Disc  

Figure 21. Burst Disc Diaphragm 
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1.2.2 Analysis - Burst Disc Forminq and Reverse Snap Buckling Pressure 

A design objective of the burst d i s c  development of the NASA 
Vacuum Jacketed Lines Technology Advancement Program has  been 
to provide an  analytical  method for calculating the  reverse buckling 
pressure of a burst  d i sc .  An approach to the  predetermination of 
reverse buckling pressure is necessary to permit comprehensive 
establishment of design parameters, The primary parameters con- 
sidered are material, material thickness ,  diameter, dome height, 
forming pressure,  and reverse buckling pressure.  This analytical  
method herein developed affords the designer the  opportunity to 
calculate the  desired burst d i s c  parameters for a specific 
application. (Figure 2 2 ,  following the ana lys i s ,  shows the forming 
of material to  determine by measurement the  amount of bi-directional 
stretch.  ) 
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EW GlKEEWlNG REPORT 
NO: 

S U B J E ~ T :  Rupture Disk Forming and Reverse DATE: 8/19/69 

OF . Snap Buckling Pressure PAGE -. 

4056 BY: * CHECKED: JOB NO: 

SUMMARY OF ANALYSIS METHOD 

The method outlined is based on empirical information obtained from t e s t s  by  the 
Calmec Division of AMETEK in forming the hemispheres and by extrapolation from 
the test data  on reverse snap buckling of the hemisphere, published in NACA 
Technical Note #32 1 2 ,  Titled "A Nonlinear Theory of Bending and Buckling of 
Thin Elastic Shallow Spherical Shel ls" ,  by A. Kaplan and Y. C. Fung. An . 

adjustment was made for the variable s l ip  that  Calmec personnel Lised to permit 
the thinner foils t o  actually s l i p  from under the die hold down. The init ial  data 
on elongation and yield strength of the Inconel 600 foil were given Straza by  the 
Calmec Division of AMETEK, along with the forming and reverse snap buckling 
pressures and the dome heights.  Chord lengths were obtained by measurement 
of the reflected image of the hemisphere on the Straza comparator, and the  
material thickness by measurement with pin micrometers. The radius,  half angle 
and a r c  length were calculated from equations given in  Machinery's Handbook. 

In calculating the forming pressure,  a value must be established for the s t r e s s  
based on the cold work elongation. This w a s  done by calculating the a rc  
length elongation and subtracting a n  allowance for s l i p  i n  the die hold down 
clamp. The forming is done i n  two s t a g e s ,  f irst  the f la t  bottom cup is formed 
in the lower die with hydraulic pressure applied from the top, then hydraulic 
pressure is applied on the bottom face, for the second s t age  t o  reverse the cup 
into the hemispherical shaped upper die cavity.  
ing page. 

See sketches on the follow- 
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The elongation in  the she l l  t akes  place in the meridional and hoop directions (shown' 
in the ske tches  on the preceding page).  A t  the  hold down the elongation is all  
meridional, although no correction was  made for th i s .  
elongations were assumed t o  be  equal ,  then combined and subtracted from the in i t ia l  
material elongation t o  provide a res idua l  elongation. The residual  elongation is used  
to  determine the equivalent yield stress from the curve published by Huntington Alloys 
in  Bulletin T-7, Page 6 ,  Figure 3, for Inconel 600. The forming pressure required c a n  
then be  calculated from the equation for a hemispherical  pressure vessel P = 

The meridional and hoop 

2 st /R. 

The reverse snap  buckling pressure is a non linear function, and a search  of the 
current literature indicated very little information is avai lable  on t h i s  subject .  NACA 
Technical Note # 3 2  12, Titled "A Nonlinear Theory of Bending and Buckling of Thin 
Shallow Spherical Shel ls"  by  Kaplan and Fung (a l so  reproduced i n  a condensed form 
by Libove in  Flugges'  Handbook of Engineering Mechanics ,  pagcs  44-38 and -39) 
provided the information necessary  t o  es tab l i sh  a n  empirical  curve. This NACA Report 
was  limited t o  a geometrical  parameterX equal  to t en  , where> (Lambda) is a non- 
dimensional ra t io  function of the chord, th ickness ,  radius and poissons  ratio,  For 
our c a s e h  varied from thirty (30) t o  forty-four (44), however plots of Kaplan and  
Fung's data  combir,ed with t e s t  data  from Calmec indicated a good correlation. See  
Curves on Pages 116 & 114 . 
inaccuracies ,  but this may be due to  the difficulty of obtaining accura te  readings of 
elongations and yield tension s t r e s s e s  in  the 2 t o  3 m i l  range. 
n e s s  (diaphragm thickness)  from the chord to  the crown varied from approximately 17 
to  33 % respect ively.  I t  was  empirically determined tha t  the mean th ickness  value 
is located at the centroid of the dome where one half the included angle  is equa l  to 
38O. 
variations in thinning from chord t o  crown indicates  tha t  the cold work varies directly 

The plot of the thinner foi ls  (2 and 3 mil) did show some 

The dome wall  thick- 

This averages out t o  23.5% thinning of the ini t ia l  material th ickness .  The 

a s  the thinning rate 
value of 23.5% has  indicated reverse b'uckling pressures  within 10% of t e s t ed  va lues .  
It is planned that i n  the future a mathematical solution wil l  be developed to predict  the 
individual thinning value.  Additional tes t ing and refinement of the  equat ions used 

will  enhance the accuracy i n  predicting the forming and reverse s n a p  buckling pres- 
sures  - Two graphs on pages  116 & 117, were made t o  compare the combined NACA 

For these reverse buckling calculat ions the  empirical  thinning 
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3212 and the Calmec Test data  with the Calmec test data  alone. The resu l t s  

show tha t  it is feasible t o  u s e  the method outlined t o  predict forming and 
reverse snap  buckling pressures  for hemispheres.  

R 
C 
h 
0 s  

L 

EL 

EC 
S 

EB 

ER 

P 

FTY 

t2 

A 

v 
RC 

E 

Radius cif Dome 
Chord - measured at f lange,  minimum radius 
Dome height 
1/2 included angle  measured between flange minimum 
radius bend 
Arc length 
Percent elongation by forming 

Actual Metal  elongation (forming elongation minus slip) 

Slip,  portion of dome material  acquired by s tock sliding 
under clamp during forming 
(The 9% t o  3% values  for s l ip  are empirically determined 
for the forming equipment used for the test specimens).  

Eiaxia 1 Elongation 

Residual Elongation, % of elongation remaining after 
forming (Ul t imate  elongation minus biaxial  elongation). 

Dome forming pressure 

Yield S t ress  for material 

Mean th ickness  after forming 

Reverse snap  buckling parameter 

Poissons ratio 

Dimensionless buckling load parameter, empirically 
determined (See Graph) 
Modulus of Elasticity 
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4056 
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The following calculat ions a re  a step-by-step example ana lys i s  u sed  to 
determine t h e  diaphragm metal th ickness  and i ts  corresponding reverse 
buckling pressure a 

RADIUS 

2 2 R2-2= C + 4h 
8h 

REF: Machinery's Handbook 
14th Edition, Page 152 

C2-2= 2 .OB23 In .  for 2 m i l  t e s t s  

= 2.0823% 4 (.5277)2 
8 X  .5277 

R2 -2 

= 1.2909 In 

2.0823 

1 e 2909 
= aRCSIN 2 

53.75 x 1.2909 - 
- 57.296 

= 2.4216 In,  

= , 5277In .  h2-2 
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CATXTJ T,ATIONS ---- --- 

Elongation E,= L - C loo  
C 

= 16.29% 

(TJniaxial Elongatiad = 16.29 - 9.0 

= 7.29% 

(Biaxial Elongation) = 2 X 7.29% 

= 14.58% 

P 
(Residual Elongation) = 26.7  - 14.58 

= 12 .12% 

From Huntington Alloys Bulletin T7, Page 6 F 3 ,  T l x  equivalent stress 

for 12 .12% elongation F m =  109 KSI 
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CALCULATIONS 

Forming Pressure P = 2 F T Y  t2 
R 

= 2 X 109,000 X .00147 
1.2909 

= 248 PSI <260 PSI Actual or -4.6% error 

Reverse Snap Buckling Parameter 3\ 

REF: NACA TN3212, - A Nan-Linear 

Theory of 3ending and Buckling 
of Spherical Shells by Kaplan & Fung, 

2/=  .29 Poissons Ratio 
for Inconel 600 

2 = .931 X2.0823 
.00147 X 1.2909 

= 43.52 

REF: Handbook of Engineering Mechanics 
by Flcgge Pg 44-33, Case 2 ,  

6 E = 3 1  X 10. PSI REF: Huntington Alloys Bulletin T-7, Page 4, Table 

t2 = .00147 See Page 8,  Test Number 2 ,  This Report. 
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C AT,C UJ AT1 ONS 

= 1 e 63 X 3 0‘ A dimensionless buck l ing  load parameter from RCR 
graph on Page  116, 

P 

= 22  PSI i iwerse  Snap Buckl ing Pressure 
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NOTE: 
Grid pattern indicates amount of 
material bi-directional stretch.  

Burst Disc  Diaphragm After Forming 
1-1/2 Inches Diameter 

Figure 22. Burst Disc After Forming 
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1.2.3 TEST REPORT 

1.2.3.1 Scope 

The purpose of t h e  Phase I1 test program of the NASA Vacuum 
Jacketed Umbil ical  Line Technology Advancement Program w a s  
to val idate  the des ign  of Burst Discs  developed during the 
Phase I study portion of the program. 

Testing was  conducted in  accordance with NASA approved test 
procedures to m e e t  the requirements of KSC-STD-164D "Environ- 
mental Test Methods for Ground Support Equipment Installations 
a t  Cape  Kennedy." 

Manufacturers 

A METE K/Ca 1 m e  c 
5825 Distr ic t  Boulevard 
Los Angeles, California 

Fike Metal Products 
704 South Tenth Street  
Blue Springs, Missouri 

1 e 2.3.2 Item Description 

Test Specimen Test Specimen 
Part Number Serial  Number 

Calmec RDS-106 1 through 10 

Fike A3856 1 through 10 

Fike A3857 1 through 10 

Dow Corning 
Silicone Material N/A 

Quantity of Items Tested 

Thirty (30) 

Testing Conducted By 

Type 
Burst Disc 
Replaceable Assembly 
Burst  Disc ' 

Replaceable A s  s e m b  ly  t 
Burst Disc  
A l l  Welded 

Si las t ic  55 for protec.tive 
covers  

AMETEK/Stra za 
790 Greenfield Drive 
E l  Cajon, California 
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1.2 .3 .3  Applicable Documents 

NASA Contract NA$10-6098 

AMETEK/Straza Test Procedure 8 -48 00 8 7 

KSC-STD-164D "Environmental Test Methods for Ground Support 
Equipment Instal la t ians  at Cape Kennedy, " 

Phase I Technical Report, Task I ,  Burst D i s c s  

1 .2 .3 .4  Tolerances 

Ambient 

Temperature 
Pressure 
Relative Humidity 

Test 

Pres sure  
Temperature 

- 

Relative Humidity 

Vibration Amplitude 

Vibration Frequency 

Instrument Pressure 

Pressure 
Flow 
Temperature 
Vibration Amplitude 

75 k15"F 
30 A 2  i n ,  Hg 
8070 or less 

&5% 
Below I O @ ~ Z ~ O ~ F  
Above 106'&5'F 

+s% t0 -0% 

iZ% or 1 cps ,  whichever is greater 

&0.5% 
kZ70 
A1 % 
kl% 

1.2 .3 .5  Requirements 

A l l  general  requirements of KSC-STD-164D apply to tests des-  
cribed in th i s  document, A t  t he  conclusion of each environmental 
test, the  test i t e m  was to be  visually inspected for s igns  of damage 
and deterioration and m e t  the requirements of the functional test 
of Paragraph 1.2.3.6,2.  

The test i t e m  w a s t o  be installed in  the test fixture in a manner that  
simulated service usage .  
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Each test specimen completed all Phase I1 test requirements. 
Test resul ts  that  were identical  for test specimens of the same 
type were combined on one (1) data shee t .  Combined data 
shee t s  included: bas ic  part number, se r ia l  numbers , test 
requirement, and resul ts .  Data shee t s  were combined only for 
parts of the same type which had undergone the same test and 
which had demonstrated identical  resu l t s .  

Any reference to vacuum s e a l  valves and vacuum probes in  
t h i s  report is due to  the fac t  that  these components underwent 
s a l t  fog and sand and dust  test a t  the same t i m e .  
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1 .2 .3 .6  TESTS PERFORMED 

1.2.3.6.1 Receiving Inspection 

Purpose 

This inspection of the specimen was  made to  determine conformance 
with appl icable  drawings and specif icat ions to the  extent  possible 
without disassembly of the test i t e m .  

Requirements 

The receiving inspection includes the following: 

A. Identification of test items by marking or tagging to es tab l i sh  
manufacturer's part number and ser ia l izat ion.  

B. Visual inspect ion to e s t ab l i sh  the  "as received condition" 
and verify tha t  t he  i tems '  configuration and external dimen- 
s ions  are i n  conformance with the applicable drawings and 
specif icat ions.  

C ,  Photograph and weigh one i t e m  of each  part number. 

Procedure 

Inspection procedure included the following: 

A. A check of manufacturer, part number and ser ia l  number of 
each  i t e m .  

B. Statement of condition of each  i t e m ,  

C. Dimensions of each  i t e m .  

D. Photograph and weight one  of the  i t e m s  of each  part number. 

E. Material  certif ication, 

Results 

A l l  AMETEK/Calmec specimens m e t  the  requirements of AMETEK/ 
Calmec Drawing N o ,  RDS-106 and were in  acceptable  condition. 
A l l  Fike specimens m e t  the requirements of Fike drawings A 3856 
and A 3857 and were in acceptable  condition. A l l  specimens were 
electro-etched to include se r i a l  numbers, weighed and photographed, 

Material  certif ications were received with the specimens.  Material  
was  acceptable  e 

Test Data 
The following test data  sheets ref lect  the resu l t s  of the Receiving 
Inspection. 
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I_ DESIGN VERIFICATION TEST 

RECEIVI.NG IWSPEC_TI-QN DATA S I I E L T  

BURST DISCS 

Each specimen s h a l l  be  examined to determine conformance to . 
Specification 8- 4 1002 0 a s  follows : 

Material ~ 4L 6565, 

- 
No 

Dimensions wi th in  envelope Reqt J 
Yes 

Identification&..EC/ €-7c /./ 

Qualiiy of Workmanship &Q62Z3 

ZQ O X  ____- Weight:  Actual G-- M‘ax Allow. 

Wcce p ted Rejected 

Serial Number 1 

Serial  Number 2 

n 
n 

ETH n 
. n  n 

Seria 1 Number 7 Cd n 
Serial Nurnter  8 n 
Serial N u m b e r  9 ri 
Serial  Number 10 m” CJ 

Serial Number 3 

Sctrial Number 4 

%rial n‘umber 5 

Serial Number 6 

Test Enzi m e r  - - Inspector 
% 

Date oETest 
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DESIGN VERIFICATION TEST 
RECEIVING INSPECTION DATA SHEET 

BURST DISCS 

' Each specimen sha l l  be examined to determine ccnSormance to . 
Specification 8-410020 as  follows: 

Mate rial 304 2 5 . 5 4  

No 
Dimensions within envelope Reqt . J  

Yes 

Construction ~/NcX..E. BECE 

Identification &'€?7"4L, C7 

Quality of Workmanship 

Weight: Actual /6 c7z ' Max Allow.  20 023 * 

Ten (10) s;;ecimsns ___-___._ CC?//WL?C Part Number RD S / O h  

- 4 c c  ep t e d Rejccted 

0 
Ef D 

Serial  Numbcr 1 

Serial Number 2 

Ea' -a 
R' R 

Szrial  Number 3 

Serial  Nurnhsr 4 

Serial  Number 5 

Serial  Number 6 

Serial Xumber 7 

Serial i.jurnter 8 

Serial  Xunlber 9 

Serial  Number 10 

> R' n 



1.2 .3 .6 .2  Functional Test (First Assembly Following Receivins Inspection) 

Requirement 

This init ial  functional test w a s  to be  made to determine that  t h e  test 
i t e m  would function within the parameters of the burst d i s c  spe-  
cification after assembly, The specimens were assembled in a 
manner that  simulates field assembly. Figure 23 shows the mass 
spectrometer leak test being performed on several  burst  d i sc  
assemblies .  

Procedure 

A. Leakage 

After install ing the burst diaphragm and seals and torquing 
the d i s c  t9 the specified l i m i t ,  the assembled burst  d i s c s  
were leak  tes ted by means of a helium mass spectrometer. 
The inlet s ide  was  evacuated to 1 x 10-4 mm Hg or better 
and helium sprayed on the outlet  s ide .  Leakage allowable 

1 x 10-7 std cc/sec of helium (see Figure 23). 

B. Pressure Test 

Following the leakage test, the  specimens were pressurized 
with nitrogen gas  to 20 & 2  psig at a moderate rate of pressure 
increase not to exceed 5 psig per minute and held for 2 
minutes. Following the pressure t e s t ,  the  leakage test as 
described in "A" above, was  repeated. The test i t e m  was  
photographed a t  the  conclusion of the test and the following 
data recorded: (1) Leakage rate  before and after test; 
(2) test pressure; (3) test media; (4) duration and effects. 

Results 

A. The AMETEK/Calmec specimens were: (1) Easily assembled; 
no leakage was  evident before or after pressure t e s t ,  and 
(2)  no detrimental effect was  vis ible  from the pressure test. 

B ,  The Fike specimens (replaceable assemblies)  were: 
(1) Difficult to assemble and ensure vacuum-tight seal; 
(2) damage to teflon s e a l  is incurred due to high torque 
required (600 inch-pounds); (3)  no detrimental effect was  
visible from the pressure test. 

C .  The Fike all-welded d isc :  (1) No leakage before or after 
pressure test; (2)  no detrimental effect from the pressure 
test. 

Test Data 
The following data sheets and photographs reflect the  resul ts  
of the  functional test. 
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Helium Mass  
Test Manifold Spectrometer 
Burst D i sc  

f 

L Helium Probe 

Functional Test Burst D i scs  

Figure 23. Functional Test-Burst Discs 
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Gi-i e 
PROBE VA LV E 

Figure 2 4 .  L e a k  T e s t  S e t - u p  

Page 100 



DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Functional Date of 'Test  8-1 -69 

Part Name Burst D i s c  Part Number A 3857-1 

Test Procedure 8-440087, Para 5.2 Part Serial  Number 1 - 1 0  

Remarks 

A. 

B. 

Le a kas e 

Leak Rate Before Pressure 

Test < lxlO-lo scc/sec 

Leak Rate After Pressure 

Test < ~ x ~ O - ~ O  scc/sec 

Pressure Test 

Test Pressure 20 =k2 ps ig  

Te s t Media GN2 

Duration of Test 2 min.  

1. A l l  welded unit. No assembly of 

d i s c  required. 

No detrimental effect from functional 2 .  
- - ~ _ _ _  

rsressure test 

3 .  This test was  performed prior to 

proof pressure test (Para. 5.3) 

Test Technician ~ , ~ ~ ~ U / C T . .  s/, 

Test Engineer ir ~ 1 1 ~ ~ ~  ' 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

A. Leakage 

Leak Rate Before Pressure 

Test < I X l O  scc/sec 

Leak Rate After Pressure 

Test < ~ x ~ O - ’ O  scc/sec 

-1 0 

B. Pressure Test 

Test Pressure 20 * Z  psig 

Test Media GN2 

Duration of Test 2 min. 

Type of Test Functional Date of Test 8-1 -69 

Part Name Burst D i sc  Part Number A 3856-1 

Test Procedure 8-440087, Para 5.2 Part Serial  Number 3 

Remarks 

1. Torque valve required to effect seal: 

600 in.-lb. 
- 

2. No detrimental effect from functional 

pressure test. 

This test performed prior t o  proof 

pressure test (Para. 5.3) 

Disc  body sealins surface required 

polishing to  remove a scratch 

0.001 x 3/8 in. lons.  Replaceable 

3 .  

4, 

d i s c  assembly was  also polished 

to remove scratches.  

Test Technician, f&fN/&<T S/s 

Te s t E ng ine e r 
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DESIGN V€RIFICATTON TEST 

TEST DATA SHEET 

Type of testa pal^ Date of Test 8-1 -69 

A. Lea,&= 

Leak Kate Before Pressure 
-1 0 

Test < 1x10 scc /sec  _*.".-- 

Leak Rate After Pressure 

B ,  Pressure Test 

Part Number A 3856-1 
P- 

Part Name 

Test Procedure 8-sO 0,8 7 , P,a% Part Serial Number 1, 2,4, - 1,0 

Bur 5 t Disc  

R e m  arks  

1. Torque valve required to effect seal: 

600  in , - lb .  

2 .  N o  detrimental effect €rom functional 

pressure test 

- 

3 .  This test performed prior to proof . 
2 

Test Pressure- 20 Ifz2 Psig 1c 

Test Media  G N Z  , , , ,  ,___ 

Duration of Test=- 

- ,  - 

i 
/ 
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__j_- DESIGN V'RXICATION TEST 

TESTDATA SHEET 

.. 

Type of Test- Functional Date of Test 8-1-69 

- Part Name Burst Disc Part Number RDS-106 

Test Procedure8-440087Ara 5.2- Part Serial Number- 10 

Re rn arks- 

A, Leakage 

Leak Rate Before Pressure 
-1 0 Test ,< lxl-sec 

Leak Rate After Pressure 

Test --.. lxlO-lO,,,scc/sec , ,- 

B. Pressure Test 

Test Pressure 20 3t2 ps,,ig~- 

Te s t M e  d ia- GN2 

Duration of T e s t L s i n .  

I. Torque valve required to effectseal: - , .. 

150 in.-lb. 

2. N o  detrimental effect €rom functional 

pressure test. 

3 .  This test performed prior to proof 

pres$ure test (Para. 5 . 3 )  

Large metal chip (0.150 dia .) 

trapped between disc and body , , ,  , ~ 

resulted in leakage. Chip was 

removed with no detectable 

leakage upon re-test. 

4.  

-- -__I__-..- 

- ,  
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DESIGN ‘JERIFICATION TEST 

TEST DATA SHEET 

Type of T e s t  Functiona 1 Date  of’Test 8-1 -69 

Part  Name Burst D i s c  Part Number RDS-106 

Test  Procedure 8-440087 Para 5.2 Part Ser ia l  Number 1 - 9 

A. 

B e  

Leakaqe 

Leak Rate Before Pressure 

Test  4 1X10-” scc/sec 

Leak Rate After Pressure 

Test  4 1x10 scc/sec -1 0 

Pressure Tes t  

Tes t  Pressure  20 *2 psig 

Test  Media GN2 

Duration of T e s t  2 mine 

Remarks 

1. Torque value required to effect seal:: - 
150 in.-lb. 

2 .  No detrimental effect from functional 

pressure test. 

This test performed prior to proof 

pressure test (Para. 5.3) 

3 .  

8 
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1.2.3.6 3 Proof Pressure Test 

Requirement 

The specimen body was  subjected to 150 &3 psig with GN2 for a 
duration of 2 minutes. The specimen was  photographed and 
distortion, de fec t s ,  and data  recorded, Following the proof 
pressure test, the  fvnctional, leak test was  performed (see 
Figure 25). 

Procedure 

The specimens were disassembled and the burst diaphragm replaced 
with blind caps .  The all-welded units were pressurized on both 
s ides  of the burst d i s c  using a special  fixture, The specimens 
were placed in  an unrestrained position and pressurized per the 
above requirement, 

Test Results 

A. AMETEK/Calmec RDS-106 withstood proof pressure without 
deformatim or defec ts ,  

Fike A3856 and A3857 withstood proof pressure without 
deformation, 

B, 

C.  Functional leakage test indicated no leakage except for 
Fike A3857 Seriql No. 10. Pressure separated the d i s c  
diaphragm from a weld. 

Test Rata 

The test data shee ts  and photographs ref lect  t h e  resul ts  of the  
proof pressure test. 
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Proof-Pressure Test of Burst Discs  

F i g u r e  25. Proof P r e s s u r e  Test - B u r s t  Disc 
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DESIGN VERIFICATION T E S T  
TEST DATA SHEET 

Type of Test Proof Pressure Date of Test 8-5-69 

Part Name Burst D is cs Part Number A s  Shown 

Test Procedure- 8-480087 Part Serial Number As Shown 

Test Pressure 150 Psig Test Media GN, Duration of Test 2 min.  
Y 

Manufacturer 

1. Calmec RDS-106 

2. Calmec RDS-106 

3, Calmec RDS-106 

4 .  Calmec RDS-106 

5. Calmec RDS-106 

Calmec RDS-106 

7. Calmec RDS-106 

8 .  Calmec RDS-106 

9. Calmec RDS-106 

10. Calmec RDS-106 

11. Fike A 3856-1 

12. Fike A 3856-1 

1 3 .  Fike A 3856-1 

6 0- 

-- 

- 
14. Fike A 3856-1 

15. Fike A 3856-1 

16. Fike A 3856-1 

17. Fike A 3856-1 

18. Fike A 3856-1 

19. Fike A 3856-1 

2 0 .  Fike A 3856-1 

21. 

22. 

23 e 

2 4 .  

Serial Number 

1 - 

3 

4 

- 

5 

6 

7 

8 

9 

10 

1 

2 

- 

- 

3 

4 

5 

6 

7 

9 

10  

Remarks 

N o  visible deformation - no detrimental 
effect. 
N o  visible deformation - no detrimental 
effect. 
N o  visible deformation - no detrimental 
effect. 
No visible deformation - no detrimental 
effect. 
N o  visible deformation 7 no detrimental 
effect. 
No visible deformation - no 
detrimental effect. 
N o  visible deformation - no 
detrimental effect. 
N o  visible deformation - no 
detrimental effect. 
N o  visible deformation - no 
detrimental effect. 
N o  visible deformation - no 
detrimental Xfect. 
No visible deformation - no 
d e tri menta 1 effect. 
No visible deformation - no 

N o  visible deformation - no 
detrimental effect. 
N o  visible deformation - no 
detrimental effect. 
No visible deformation - no 
detrimental effect. 
N o  visible deformation - no 
detrimental effect. 
N o  visible deformation - no 
detrimental effect. 
N o  visible deformation - no 
detrimental effect. 
N o  visible deformation - no 
detrimental effect. 
N o  visible deformation - no 
detrimental effect. 

----- 

- 

- 



DESIGN VERIFICATION TEST 
TEST D A T A  S H E S  

- Type of Test Proof Pressure Date of Test 8 - 5 -.69 

Part N a m e  Burst Disc Part Number A s  m w n  

Test Procedure 8-480087 Part Serial Number A s  Shown 

Part N a m e  Burst Disc Part Number A s  m w n  

Test Procedure 8-480087 Part Serial Number A s  Shown 

Test Pressure 150 psig Test Media GN, Duration of Test 2 min, 
L. " 

Manufacturer 

1 .  Fike A 3857-1 

2. Fike A 3857-1 

3 ,  Fike A 3857-1 

4 .  Fike A 3857-1 

5 .  Fike A 3857-1 

6. Fike A 3857-1 -- 
7. Fike A 3857-1 

8. Fike A 3857-1 

9. Fike A 3857-1 

10. Fike A 3857-1 
, --- 

--- 
11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

21. 

22.  

23. 

24. - 

Serial Number 

1 

Remarks 

No  visible deformation - no 
detrimental effect. 
N o  visible deformation - no 
detrimental effect. 
N o  visible deformation - no 
detrimental effect. 
No visible deformation - no 
3 
No visible deformation - no 
detrimental effect. 
N o  visible deformation - no a e tri m e  n ta 1 ' e f f e c t , 
Na visible deformation - no 
'detrimental 'effect. 
No visible deformation - no 
detrimental effect, 
N o  visible deformation - no 
aetrimental effect. 
N o  visible deformation - no 
aetrimental effect. 

- 

____------- 



Type of T e s t  Functional Date of Test- 8-7-69 

Part Namee, Burst D i s c  

Test Procedure8-4c20087,xa,,. 5 , L  Part Serial Number- 

,,,+Part Number-,!, , , , 

10 

Re mark 5 

- This test was  performed after proof 

pressure t e s t  (Para. 5.3) 
--.. , .., , ~ , ,  , , . .. , , - , ,  , 

--.7----.--- , , ,  

Leakage occurred through the d i s c  at 

6 x l o m 7  scc/sec following proof pressure 

__* -3-, . . , ,  

, , ,  , __I-- -__I_ 

-, , . , . .  . . ,  

Unit was repaired and test sequence 

w a s  cantinued per A & B 

-.-. ---I- 

_--,_- -.----- -c ...____*-__^_ , . , , ,  

---, , . . .,. ? .I-- 
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DESIGN VERIFICATION TEST 

TEST  DATA^ SHEET 

Type of Test Functional Date of Test* 8-7-69 . 

Part Name Burst Dis c Part Number A 3857-1 

Test Procedure- 8-440087, Para 5 2 Part Serial Number 1 - 9 

Re marks- 

A. 

B. 

3__ L e a k a s  

Leak Rate Before Pressure 

Test < 1x10 scc/sec 

Leak Rate After Pressure 

Test < 1 ~ 1 0 - 1 ~  s,cc/sec 

Pressure Test 

-1 Q 

Test P r e s s u r e 2 0  *2  psig 

Test Media GN2 

Duration of Test 2 m i n .  

This test was performed after proof 

pressure test (Para. 5.3) 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Functional Date of'Test 8-7-69 

Part Name Burst Disc Part Number A 3856-1 

Test Procedure 8-440087,  Para 5 . 2  Part Serial Number 1 - 1 0  

Remarks 

A. Leakage 

Leak Rate Before Pressure 
-1 0 Test < 1x10 scc/sec 

Leak Rate After Pressure 

B. Pressure Test 

Test Pressure 20 *2 psig 

Te s t Media GN2 

This test was performed after Proof 

pressure test (Para. 5 . 3 )  

Duration of Test 2 min. 

Page 113 * 



DESIGN VERIFICATION TEST 

TEST DATA SHEEX 

Type of Test Functional Date of Test 8-7-69 

Part N a m e  Burst D i sc  p a r t  Number RDS-106 

Test Procedure 8-440087, Para 5 .2  Part Serial  Number 1 - 10 

Re marks 

A. Leakage 

Leak Rate Before Pressure 

Test lXIO-lo scc/sec 

Leak Rate After Pressure 

Test < 1 ~ 1 0 ~ ' ~  scc/sec 

* *  __3 Pressure Test 

Test Pressure 20 * Z  psig 

Te s t Media GN2 

Duration of Test 2 m i n e  

This test was performed after proof I 

pressure test (Para. 5.3) 

Test Technician L ,  P3 2 L';v/Ljh/j ..;/f; 

Test Engineer 
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1.2 ~ 3.6.4 Sal t  Fog Test - Burst Disc  Cutter 

R e q  uireme nt s 

The burst  disc cut ters  a r e  tes ted  to  determine the  surface 
condition tha t  would b e s t  r e s i s t  the  salt fog environment 
prior to fabricating the burst  d i s c  cutter and diaphragm 
assembly.  

The test specimens a re  to be subjected to 240 hours of 
exgosureoin a salt fog atmosphere of 5% salt and 95% water at 
95 F + 2  The cutter points are measured before and 

after tes t ing.  The specimens are allowed t o  stand until 
thoroughly dry and a r e  then photographed 

- 40 F 

Procedure 

Four (4) 304 s t a in l e s s  and four (4) 17-7PH s t a in l e s s  burst  
d i s c  cut ters  with four (4) surface conditions were to  be 
prepared for tes t ing  (unplated, gold plated,  s i l icone coated 
and teflon coated)  . 
Prior to tes t ing,  the  cut ter  points were to b e  measured 
using a comparator with a magnification of 31 i/4 to 1. The 
specimens were to be suspended in  the test chamber, as  
shown i n  Figure 27, and subjected t o  the  salt fog atmosphere. 
Following the  salt fog test, the specimen points were to be 
measured using the comparator to  determine the  extent  of 
corrosion on the cutter points ,  The specimens were to be 
photographed a t  the conclusion of the salt fog test while still 
i n  the  test posit ion.  

Results 

The 304 and 17-7PH s t a in l e s s  cut ters  which were gold plated 
exhibited excess ive  corrosion and flaking-offi- of the gold 
plating over the entire surface.  The bare cut ters  of both types  
corroded heavily on the  welds .  The s i l icone coated cut ters  
of both types showed slight corrosion on t h e  welds  and the 
s i l icone peeled excess ive ly  due  to handling. The teflon 
coated cut ters  showed no corrosion over any  of the sur face .  
The teflon coated cut ter  (cutter and d i s c  diaphragm) showed 
.003 inch of material removed 
points,  although the  primary cut ter  was  not affected (see 
page 146). 

from the secondary cutter 

Test Data 
The following data  shee t s  ref lect  t h e  resu l t s  of the test. 
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FIGURE I FIGURE I1 

Right angle with 
one p iece  cu t te r  
(Side view of part) 

Right angle with sol id  
cutter edge.  Bevel edge up. 
(Side view of part) 

Ser ia l  Number Desiunation - 3 0 4  Sta in less  

S/N 1 - Gold Plated 
S/N 3 - Teflon Co3ted 

S/N 5 c Bare 304 

S/N 7 - Silicone Coated 

Before Salt FOCI Test 
Figure I Fiqure I1 

S/N 1 X =  .068 
S./N 3 X =  ,075 

S/N 5 X =  .085 
S/N 7 X =  .073 

S/N 1 Y2 = .036 
S/N 3 Y2 = .070 

S/N 5 Y2 = ,076 
S/N 7 Y2 = .070 

After Sal t  Foq Test 
Fiqure I Fiqure I1 

2 SIN 1 X =  .068 S/N 1 Y = .035 
S/N 3 X = .075 S/N 3 Y2 = .070 

2 S/N 5 X = .084 S/N 5 Y = ,075 

S/N 7 X = .073 S/N 7 Y2 = .070 

1 's' = ,030 

Y1 = .074 

Y = .070 

Y1 F .065 

1 

1 
1 

1 
1 

Y = .030 
Y = .074 

Y = .070 

Y = .064 
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FIGURE I FIGURE I1 

Right angle  with 
one piece cutter.  
(Side view of part) 

Serial Number D e s i g n a t i w  - 17-7FH $tee1 

S / N  2 - Gold Plated 
S/N 4 - Teflon Coated 
S,/N 6 r Bare 17-7PH 
S/N 8 - Silicone CQated 

- Before Salt Fog T e s t  
Figure I 

S/N 2 X =  .098 

S I N  4 X = .089 

S/N 6 X =  .086 

S I N  8 X =  .084 

S/N 2 Y2 = . 0 8 1  Y1 = , 0 6 1  
I S/N 4 Y2 = .075 y = ,085 

S/N 6 Y2 .075 y1 F ,083 
1 S/N 8 Y2 = .075 Y I= .075 

After Sa l t  Fos Test 
Figure I Fiqure I1 
S /N 2 X =  .097 

S I N  4 X =  .089 

S/N 6 X =  .086 

S/N 8 X -  .083 

1 S/N 2 Y2 = .080 Y = ,060 

S/N 4 Y 2 =  .072 Y1 = .082 

S/N 6 Y2 = .073 Y1 = .081 

S/N 8 Y2 = ,074 Y1 = .074 

Right angle with solid 
cutter edge .  Bevel edge 
up,  (Side view of part) 
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Salt  Fog Test Chamber (With Burst Disc  
Cutter Assemblies Prepared for Test) 

Figure 27. Salt Fog Test - Burst Disc Cutters 
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AMETEK/Calmec Burst Disc  
Burst Disc  Cutter Assemblies 
17-7PH - After Sal t  Fog Tests 

Teflon Coated 
Cutting Edge and 
Point Unaffected 

Gold Plated 
Showing Complete 

Deterioration 

Silicone Coated 
Minor Corrosion 

At  Welds 

Rare 17-7PH 
Note  Corrosion 

At Welds 

(NOTE: Condition prior t o  salt fog - same as 304 Stainless Steel) 

Figure 30. Salt Fog Test - Burst Disc Cutters 

Page 121 



Salt Fog Chamber and Test Manifold Support Rack 

Figure  31. S a l t  Fog T e s t  Manifold Rack 
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Test Manifolds on Support Rack Inside Salt  Fog Chamber 
At  Start of Salt  Fog Test 

Figure 32. Salt Fog Test - Burst Disc 
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Note ~ ~ i ~ t a i n l e s s  
Steel Port Cap 
Corrosion 

Note Drainage From 
Vacuum Probe Caps 

Vacuum Seal Valves, Vacuum Probes And 
Burst Discs Following Salt Fog Test 

F i g u r e  33,  Salt  Fog T e s t  - Valves, P r o b e s ,  B u r s t  Disc 
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Note Corrosion and Drainage From 
Interface Weld and Spanner Wrench 
Holes 

Burst Discs  After  Salt  Fog Test 

F i g u r e  3 4 .  S a l t  Fog Test - Burs t  Disc 
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Specimens Shown Inside of Salt  Fog Chamber 

N o t e  Drainage on Vacuum Probe's 
Manifold From Caps 

Note Drainage On Burst Discs  k o m  
Interface Weld and Spanner Wrench 
Holes 

Test Maniolfds Following Salt  Fog Test 
(Vacuum Probes, Vacuum Seal Valves, and Burst Discs)  

F i g u r e  35. S a l t  Fog Test - Valves, Probes ,  Burs t  Disc 
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Nut 

Burst Di s c /C  

Retainer 

Sal t  
Deposits 

lutt 

Sa 

er 

ilt Deposits 

Assembly 

In addition to discolored material, 
th is  test sample had salt deposi ts  
result ing from leakage through the 
threads of the Nut. 

AMETEK/Calmec Burst Disc  After Salt Fog Test  

F igure  36. Salt Fog T e s t  - Burs t  D i s c ,  C a l m e c  
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Nut and Retainer a re  shown next to  the 
Burst Disc  Body from which they were 
removed. The burst  d i s c  is not shown. 
N o  corrosion of Disc  was  seen .  

Nut Burst Disc  Body 

L Test Manifold Retainer 

Note how discolored fluid 
had drained into the d i s c  
through the threads of the 
nut and the burst  d i s c  body. 

AMETEK/Calmec Burst Disc  After Sal t  Fog Test 

F i g u r e  3 7 .  Salt Fog T e s t  - Burs t  Disc, C a l m e c  
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Burst Disc/Cutter Assembly 

Retainer 

Note build-up of discolored 
material on the  Nut and Retainer. 
The material had drained from a 
weld on the outer surfaces of the  
test manifold into the unit through 
the  threads of the  Nut. 

N o  internal corrosion 
was found on the Burst 
Disc  

AMETEK/Calmec Burst Disc After Salt  Fog Test 

Figure 38. S a l t  Fog Test - Burst Disc, Calmec 
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General View of Burst Disc/Cutter Assembly 

- Leakage Occurred From 
Weld Crack Caused During 
Manufacture of Disc  Assembly 

30X Magnification of Cracked Area 

40X Magnification of Cracked Area 

AMETEK/Calmec Burst Disc  After Salt  Fog Test 

Figure  39. Salt Fog Test - Burst Disc, Fike 
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Sa l t  Fog Tes t  - Burst Disc  Assembly  

Requirements 

The purpose of th i s  test is to subjec t  the  entire assembled 
burst  disc (body, burs t  d i s c  cutter and burst  diaphragm) to a 
salt fog environment. 

The test specimens are subjected to 240 hours of exposgre 
in  a salt fo8  atmosphere of 5% salt and 95% water a t  95 F 
+ 2SoF, -4 F. Testing is performed with protective covers  
i n  place.  Following the  test, the specimens are allowed to 
s tand until  thoroughly dry. The test specimens are photo- 
graphed at  tne conclusion of the  test. 

Procedure 

The test specimens were to be placed in  the test chamber 
as shown on  Figure 40 and subjected to the salt fog test. 
The test specimens were to be photographed before and 
af ter  the test. Following the  salt fog test t h e  specimens 
were to be visual ly  inspected for corrosion. A functional 
leakage test w a s  performed and all the  data recorded. 

Test Resu l t s  

A l l  burst  d i s c  assemblies completed salt fog tests. 
Figures 31 & 32). No internal corrosion was  found on a n y  of 
t h e  burst  d i s c  specimens.  Light corrosion occurred on  test 
fixture/specimen interface welds  and spanner wrench holes ,  
(See Figures 33,34 and 35).  

(See 

Several  AMETEK/Calmec d i s c  assemblies that  were in  a n  
upside-down at t i tude had discolored water drain into them 
from the outs ide through the  threads of the body retainer nut. 
No corrosion resulted from th is  thread leakage (See Figures 36, 
37,38 and 39). The functional leakage test was  performed 
on 30 specimens with one (1) specimen having leakage above 
the allowable (Fike A3857S/N 3) .  

Inspection of t h e  specimen indicated a cracked weld (see 
Figure 39). I t  was  determined tha t  t h i s  failure was  not the 
resu l t  of the salt fog test b u t  a manufacturing defect .  For 
th i s  reason,  the  failed replaceable  disc assembly w a s  re- 
placed and tes t ing was  continued. 

Test Data 

The following test data  shee t s  and photographs ref lect  the 
resu l t s  of the  salt fog test followed by the  functional leak 
test. 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Functional Date of'Test 8-25-69 

Part Name Burst D i s c  Part Number A 3857-1 

Test Procedure 8-440087, Para 5.2 Part Serial  Number 1 - 9 . 

A. 

B. 

Leakaqe 

Leak Rate Before Pressure 

Test < ~ X ~ O - ~ O  scc/sec 

Leak Rate After Pressure 

Test < 1 ~ 1 0 - ~ *  scc/sec - 
Pressure Test  

Test Pressure 20 lt2 psig 

Test Media GN2 

Duration of Test 2 min. 

Remarks 

This test was  performed following, Salt 

Fog Test (Para. 5.4) 

Test Engine er 1 
. 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

e of Tes t  Functional Date  of Test  8-25-69 

Part Name Burst  D i sc  Part Number Fike A3857-1 

A. Leakaqe 

Leak Rate Before 

Pressure Test <, 1 x 1OP1'scc/sec 

Leak Rate After 

Pressure TestCl x 1OV"scc/sec 

B. Pressure Test 

Test Pressure 20 f 2 psig 

Test Media GN, 

Duration of Test  2 min.  
4d 

Remarks 

This test was  performed followins 

Sal t  Fog Test (Para. 5 . 4 )  

Unit was  repaired with Omniseal SILVAC 

prior to functional test. - 

This specimen leaked during proof pressure.  

T e s t  Technician L./&f',A/+dT $ Test  Engineer 
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DESIGN VEREFICATIQN TEST 

TEST DATA SHEET 

pe of Test  Functional Date  of Test  8-2 5-69 

r t  Name Burs t  Qisc Part Number Fike A 3856-1 

st  P m e d u r e  8-440087, Para, 5 . 2  Part Serial Number 3 .  

.. Le aka se 

Leak Rate Before 

Pressure Test-ec , , ,  

Leak Rate After 

Pressure Te S ~ ~ X ~ O ' ~ ~  ,Scx/SeC, 

. Pressure Test 

Test Pressure 20 f 2 PSig 

Test Media GN2 

Duration of Test 2 Min. 

Remarks 

This test was  performed following Sal t  

Fog Test (Para, 5.4)  - 
'* Unit leaked above the  allowable durinq __ 

Functional Test. Unit was  disassembled anxJ 

inspected for leak location. Leakaqe re- 

sul ted from cracked weld a t  d i s c  assembly. 

- 

Disc  assembly was  replaced and tes t ing to 

continue. Leakage rate 'after new d i s c  assembly 

. instal led 1 x 10-l' scc/sec. 
w 

Leakage rate after pressure testi(1 x 10-lOscc/sec 

Test Technician- & +Zh&#T % Test Engineer r//&Mg , % 

1 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Functional Date of'Test 8-25-69 

Part Name Burst D i s c  Part Number A 3856-1 

Test  Procedure 8-440087, Para 5.2 Part Serial  Number 1,2,4 - 10 

Remarks 

This test was  performed followins Sa l t  

Fog Test (Para. 5.4) 

A. Leakaqe 

Leak Rate Before Pressure 

Test (1x10 scc/sec 

Leak Rate After Pressure 

Test < lxlO-lo scc/sec 

-1 0 

B. Pressure Test, 

Test Pressure 20 It2 psig 

Test Media GN2 

Duration of Test 2 min. 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Tes t  Functional Date  of'Test 8-25-69 

Part Name Burst D i s c  Part Number RDS-106-1 

Tes t  Procedure 8-440087, Para 5.2 Part Ser ia l  Number 1 - 10 

A, 

B. 

Leakaqe 

Leak Rate Before Pressure 

Tes t  < 1XI.O-lo scc/sec 

Leak Rate After Pressure 

Test < lxlO-lo scc/sec 

Pressure Tes t  

Test Pressure 20 A 2  psig 

Test  Media GN2 

Duration of T e s t  2 min. 

Re marks 

This test was performed following Salt 

Fog Test (Para. 5.4) 

. 
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$DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Salt Foq Date of Test 8-12-69 - 8-22-69 
Part Name Burst Disc Part Number A s  Shown 

Test Procedure 8-480087 Part Serial Number A s  Sho wn 

Test Pressure AMB Test Media 570 Salt Sol. Duration of Test 3.40 Rr 

Manufacturer 

1. Calmec RDS-106 

2. Calmec RDS-106 

3. Calmec RDS-106 

4. Calmec RDS-106 

5, Calmec RDS-106 

6. Calmec RDS-106 

7. Calmec RDS-106 

8. Calmec RDS-106 

9 .  Calmec RDS-106 

10. Calmec RDS-106 

11. Fike A 3856-1 

12. Fike A 3856-1 

13. Fike A 3856-1 

14. Fike A 3856-1 

15. Fike A 3856-1 

16. Fike A 3856-1 

17. Fike A 3856-1 

18. Fike A 3856-1 

19. Fike A 3856-1 

20 .  Fike A 3856-1 

21. Fike A 3857-1 

22. Fike A 3857-1 

23. Fike A 3857-1 

24. Fike A 3857-1 

- 

Serial Number 

1 

2 

4 

5 -  

6 

7 

8 

9 

10 

1 

n 

4 

5 

6 

7 

8 

9 

10 

1 

2 

3 

4 

Remarks 

N o  corrosion of disc or detrimental 
effect. 
No corrosion of disc or detrimental 
effect. 
N o  corrosion of disc or detrimental 
effect. 
N o  corrosion of disc or detrimental. 
effect. 
N o  corrosion of disc or detrimental 
effect. 
N o  corrosion of disc or detrimental 
effect. 
N o  corrosion of disc or detrimental 
effect. 
N o  corrosion of disc or detrimental 
effect. 
N o  corrosion of disc or detrimental 
effect. 
N o  corrosion of disc or detrimental 
effect. 
N o  corrosion of disc_ or detrimental 
effect. 
N o  corrosion of disc or detrimental 
effect. 
N o  corrosion of disc or detrimental 
effect. 
N o  corrosion of disc or detrimental 
effect. 
N o  corrosion of disc or detrimental 
effect. 
N o  corrosion of disc or detrimental 
effect. 
No corrosion of disc or detrimental 
effect. 
N o  corrosion of disc or detrimental 
effect a 

N o  corrosion of disc or detrimental 
effect. 
No corrosion of disc or detrimental 
effect. 
N o  corrosion of disc or detrimental 
effect. 
No corrosion of disc or detrimental 
effect. 

- 

N o  corrosion of disc or detrimental 
effect. 

- N o  corrosion of disc or detr- 
~ 

Test Technician L I f i?&&d/W7 qk Test Engineer f / ! l  d! 
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'. #DESIGN VERIFICATION TEST 
TEST DATA SHEET 

Type ofTest Salt  Fog Date of T e s t  8-12-69 - 8-22-69 
Part Name B u r s t  Disc  Part Number A s  Shown 

Test  Procedure 8-480087 Part Serial Number As Shown 

Te st Pres sure AMB T e s t  Media 5% Salt Sol. Duration of Test 240 Hrs. 

Manufacturer 

1. Fike A 3857-1 

2. Fike A 3857-1 

3 .  Fike A 3857-1 

4. Fike A 3857-1 

5 .  Fike A 3857-1 

f i_ Fike A 3857-1 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

21. 

22. 

24. 

Serial Number 

5 

6 

7 

8 

9 

10 

R e  marks 

N o  Corrosion of Disc  or Detrimental 
Effect. 
N o  Corrosion of Disc  or Detrimental 
Effect. 
No Corrosion of Disc'or Detrimental 
Effect. 
No Corrosion of Disc  or Detrimental 

No  Corrosion of Disc or Detrimental 
Effect. 

-BEct.  

No Corrosion of D i s c  or Detrimental 
Effect.  

Test Technician 1. x5G6qT 5/5 T e s t  Engineer 
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1.2.3.6.5 Sand and Dust  Test 

Requirements 

The sand and dus t  test was  performed to determine the res i s tance  
of the test i t e m  to blowing fine sand and dus t  particles. 

The test was  conducted in  accordance with Section 16 of 
KSC-STD-164D. The test i t e m  was  placed in the test chamber 
as shown in Figure 4land in  accordance with Paragraph 4 .4 , l  of 
KSC-STD-164D. The test i t e m  w a s  exposed to a sand and dus t  
environment with a sand to a i r  ratio os€ 0.1 to 0.25 grams per 
cubic foot with a n  air velocity of from 100 to 500 feet per minute. 
The test i t e m  w a s  exposed to this  environment for two hours at 
77 &2"F. The temperature was  then raised to 160 &2"F under 
the s a m e  test conditions for two hours. A t  the  conclusion of the 
sand and dus t  test the test i t e m  was  returned to room ambient 
conditions. 

The test i t e m  w a s  disassembled and assembled three t i m e s  
during the  length of the test. Each re-assembly w a s  followed 
by a functional test and the  test data  recorded. 

Procedure 

The test chamber ambient 'temperature was  continuously recorded. 
The s a d  to air ratio w a s  measured a t  the beginning and conclusion 
of the test and every two hours during the test. The test i t e m  w a s  
photographed at the conclusion of the test. 

The functional test was  performed and test data recorded as 
specified.  

Results 

Disassembly operations on the two replaceable burst  d i s c  types 
were made following the first hour, the  second hour, and upon 
completion of the test. Following e a c h  disassembly operation, 
the test specimens were functionally leak tes ted 
and assembly operations indicate that  this  hardware is field 
maintainable i f  precautions are taken to  keep seal ing surfaces 
c lean.  The AMETEK/Calmec units are eas ie r  to assemble  than 
the Fike unit because  of the high torque required to seal the 
Fike .unit. After one installation, the Fike teflon seal cannot be  
re-used because  of distortion (cold flow). No leakage w a s  
detected during functional tes t ing after each  disassembly and 
following sand and dus t  test. 

Disassembly 
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The following data sheets reflect the information gathered by 
tests performed at  Ogden Technology Laboratories, Monterey 
Park, California. 
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OG-DEN TECHNOLQGY LAE3OFJATQRIE-S, INC. 
Subsidirq of Ogdan Corporation 

September 3, .1969 

193 BIONTEREY P A S S  ROAD. MONTEREY PARK.  C A L l F O f l N l A  9 175; 

T W X :  213 - 299-3123 TELEPHONE: 213  - 289452) 
I 

MONTEREY PAARK D I V I S I O N  REPORT NUNSER 31-69477- 
Ametek/Straza Purchass Order Xwber 73947 

A. 

B. 

C, 

D, 

- TEST : * Sand & Dust Test  

SZQYPLE : (2) Vacuum ProSes, (3 )  Vacuum 

SPECIFICATION: Ametek/Straza Test Document 

RESULTS : 

Seal Valves, (5) B u r s t  Discs 
a- 

NO- 8-480090, 8-48009, 8-480087 

 his i s  t o  c e r t i f y  t h a t  the sanples  
were subjected t o  the Sand & D u s t  
Test  according t o  the above Speci- 
f i ca t ions  and the following r e s u l t s  
,recorded: 
The sampler m e t  . - the 

requirernents'of the Sand & D u s t  Test. 
See Data Sheet f o r  ?erforri,ancs T e s t s  
during the  Sand & D u s t  Test. 

OGDEX TECSTOLOGY WBORqTORIES,  INC. 
Mnte rey  Park Division 

Operations Manager 

Subscribed and sworn t o  before m e  t h i s  3 rd  d a y  of Septsnber 1969, 

Quality Assurance NanaFjer Project E n g i n e e r  - f  
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EQUIPMENT LIST 

- 
, A p p a r a t u s  

OTL Sand & Dust Chamber 
-1 to -25 9 / f t 3  
C o n t r o l  No,- 2056 

General R a d i o  Strobotac 
Model 631-BL 

e 

. 600 - 3600 rpn 
- C o n t r o l  No.  5299 

Leeds & N o r t h r u p  Pot-entiomster 
Model. 8363 
-2% Accuracy, 

C o n t r o l  No. 1016 
- I O O ° F  +500°F, 

- Hygrodynzttics Hygrometer 
Made1 15-3001 
O - l O P ? ,  0-140°F, 
C o n t r o l  No. 2 1 9 4  

Ashcroft T e s t  Gauge 
K o d e l  1279,  
Accuracy 5 ,25%, 
0-3 Ops i g  , 
C o n t r o l  No, 991 

Minerva Stopwatch 
A c c u r a c y  I%, 
0-30psig,  
C o n t r o l  No, 415 

CEC Leak Dztector 
Madel 24-120. 
A c c u r a c y  It -25%. 

0-100,OC)O u n i t s  
Co 'n t ro l  No.  1465 

1 x 10'10 cc/sec. . 

C a l i b r a t i o n  
D a t e  

One Shot 

6 months 
DUB 9-5-69 

12 months 
Due  4-4-70 

.12 months 
D u e  7-8-76 

3 zonths 
Due  10-7-69 

6 months 
Due 2-18-70 

B e f o r e  U s e  

- -  
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QGDEN TECHNOLOGY LABORATORIES, INC e 

SAND AND DUST D A T A ~ H E E T  

Date  8-29-69 Job Number M69477 
Customer AMETEK/Straza Page Number 
Specimen Burst D i scs  Part No,  Ser ia l  No. As Noted 
Specif icat ion No. 8-480087 Para. No.  
Preparation of Specimen(s) Five (5) Tube A s s e m b l i e s  

8 

Protective Covering on  Non-Tested Parts N/A 

Vents, Ports, Connectors,  etc., Capped: Yes x No Remarks Discs  

Support Method Five (5) Units Horizontal 

Orientation of Specimen(s) 
Chamber Controls: Sand and Dust  Density 0.1 to 0.25 

Wind Velocity 100 to 500 feet /mi nut e 
Relative Humidity < 30 percent 
Temp era ture 77 "F 

grams/cubic foot . 

Elapsed Sand and Dust Air Relative 
Time Density Velocity Temperature Humidity 

(hours) (grams/cu.ft .) (ft/minute) (" F) ( 70) 

10,: 20 0.25 375 76 (30 
*11:20 0.25 375 78 

16:30 0.25 375 78 (30 
*17:30 0.25 375 78 

12 : lO  0.25 375 158 (30 
14:lO 0.25 375 159 

REMARKS: None 

*Interruptions during test (Explain): Disassembly and assembly of Burst Disc  Derforme d 
at 11:20 and 9:00, 9-2-69. 

Results : Damage or Deformation: Y e s  No  x (Explain above) 
Photograph taken: Y e s  X No 
Test Technician 
Ins p ec t or ( Cu s t 

- 
Q.A.  Mgr. Signature 
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D a t e S t a r t e d T - -  

Date Completed: 
8-29-69 

Temp: Humidity : 
80°F 4670 

_. 
8-29-69 

P/N: A 3856-1 RDS-106-1 
A 3857-1 

Spec:. 
8 -480087 

I Performed BY L 

Customer: Gov't .  Insp.  1 
AMETEK/Straza 

Para e : S/N: 
Noted M69477 

Maintenance Performed by Mr. Martinez - Under Surveillance of Phil 
S/N I Paredes e Afte r  1 st Hour of Sand and Dust 

- 8 sha l l  not be re-opened per Mr. Martinez's  
Calmecs e 

Discs  assembly S/N 9 checked - checked two Calmecs - Replaced 
Teflon seal in  S/N 9 Fike A 3856-1 

-- -- ----I 

6 

Two Calmecs checked - No. 2 Calmec sha l l  not be  re-opened - S/N 7 
Fike checked - Calmec No. 1 sha l l  not be re-opened 

+- I_.-_. 

-- I_--- 

8 Checked Calmec S/N 9 - Fike S/N 10 checked - Noted large' scratch 
on inner seal surface.  Calmec No. 10  checked - Shall  not be  
re-opened. 

- 
-- -_- _-_-_I_. .- --..---------.------- __I-- 

.-------- -.I---- .I____-_ - ..-- -~ ._-.---_- - 

Calmec No. -_------- 4 (capped No. 3) checked. - Fike No. 1 checked. _--- 
Calmec No. 3 (capped No. 4) checked. 

Torque - 150 in. /lbs . Fike Torque - 600 in. /lbs . 
--- - 

I 
I_- - _ _ _ - _ _ _ I  

Report N u m b e r  L<-63 48 € 
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-4 

-__I- 

- - - --__- 
Report Number  M-69188 
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8-4800 87 

Hour of Sand and Dust  Disassembly and 
-- Assembly of Burst D i scs  

Disc  Assembly S/N 3 (A 3856-1) 
12 Calmecs RDS-106 S /N 7 & 8 I 

I --- 6 Disc  Assembly S/N 2 (A 3856-1) 
2 Calmec RDS-106 S/N 5 & 6 

-- __-- I 5 IDisc Assembly S/N 5 (A 3856-1) 
7 ~~ ~~ 

RDS-106 S/N 3 & 4 _I- 

2 Calmec 

8 Disc  Assembly S/N 4 (A 3856-1) - 
RDS-106 S/N 9 & 10 --- ___l_______l_ ----I-- 

2 Calmec 

(Calmec Di sc  Tack Welds Loose - S/N 10)  _ _  
.--.-- 
--- - --- 

- - ~ - - - - -  - - 4 Disc  Assembly S/N 6 (A 3856-1) 
,bl_ 

- -__- 2 Calmec RDS-106 S/N 1 & 2 

I I 

-t- - -I 
I -I - -  . . - - ._- - -- 

Report Number M-69488 
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I Date Started: 

Customer: 1 Gov‘t. Insp /  I 

Para e : I J’N:M 6 9 4 77 
SIN: 

9-2-69 

9-2-69 
Date Completed: 

Temp: Humidity: 

A 3857-1 

8-480087 
Spec: 

Sand and Dust  and Disassembly and Assembly 
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Date Started: 

Date Completed: 
9-2-69 

9-2-69 
Humidity : 

Spec: 
8 -4800 87 

Manifold 
S/N 
4 

5 

6 

TEST DATA 
Specimen Dcscription: 

Customer: Gov't. 1nsp.J 
AMETEK/Straza N/A 

Para :a SIN: J/N: 
M69477 

Disassembly and Assembly of Burst Disc  After 4 Hours of Sand and Dus t  

Fike A 3856-1 S/N 7 
-- 

Calmec RDS-106 2 

_I__-- 

S/N 1 
4 

- --- Fike A, 3856-1 
Calmec RDS - 10 6 

Fike A 3856-1 S/N 2 
Calmec RDS-106 5 

--1 , 

Fike A 3856-1 S/N 8 

-- -. 

NOTE: One (1) specimen of each  was  functionally tes ted  without 
disassembly to determine effects of high temperature Sand 

.___ 

and Dust test (see Functional Test Data Sheet) 



Sand and Dust  
I 

P/N : 1 Customer: I G O V ' ~ .  Inspl. 
AM ETEK/S traz a N/A 

Spec: Para e : S/N: J/N : 
I 8-4 80089 i M69477 

I . 
Functional Test  - Following Sand and Dust  

_I 

RDS - 10 6- 1 S/N 1 Leakage <1 x 10-lo scc/sec He  
2 Pressure 18 psig - 2 min. 

e 

3 Leakage <1 x scc/sec He 
4 
5 t-- 

6 
7 

8 
9 

Fike A 3856-1 S/N 10 
Fike A 3857-1 S/N 1 

2 

5 1 
6 1 
7 \k 

8 Leakage (1 x scc/sec He 

_ _ _ _ - _ . ~  9 Pressure 1 8  psis - 2 mine 
Leakage (1 x 10-10 scc/sec He -- - - - - .- _- - ._ Fike A 3857-1 S/N 10 

Report Number M-69 4 8 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Tes t  Functional Date of'Test 9-3-69 

Part Name Burst D i s c  Part Number A 3857-1 

T e s t  Procedure 8-440087,  Para 5.2 Part Seriai  Number 1 - 1 0  

Remarks 

A. Leakage This test performed after Sand and Dus t  

Leak Rate Before Pressure 

Test  lX1o-lo scc/sec 

Leak Rate After Pressure 

Tes t  < lxfO-10 scc/sec 

test e 

B. Pressure Tes t  

Test Pressure 20 &2 psig 

Test  Media GN2 

Duration of Test 2 min. 

Test Technician A8@L&/c+fl 

Test Engineer 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Tes t  Functional Date of Test 9-3-69 

Part N a m e  Burst D i s c  Part Number A 3856-1 

Test Procedure 8-440087, Para 5.2 Part Serial  Number 1 - 1 0  

R e  marks 

This test performed after Sand and Dust 

test. 

A. Leakaqe 

Leak Rate Before Pressure 

Test 1X10-'' scc/sec 

Leak Rate After Pressure 

Test < lxfO-10 scc/sec 

B. Pressure Test 

Test Pressure 20 *2  psig 

Te s t Media G N Z  

Duration of Test 2 min,  

Test Technician d. i C ~ f ~ i h l 7  S j 5  

. 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Functional Date of Test 9 -3 -69 

Part Name Burst D i s  c Part Number RDS-106-1 

Test Procedure 8-440087,  Para 5 2 Part Serial  Number 1 - 10  

Remarks 

A. Leakaqe 

Leak Rate Before Pressure 
-1 0 Test < 1x10 scc/sec 

Leak Rate After Pressure 

Test < lxlO-lo scc/sec 

B. Pressure Test 

Test Pressure 20 * t 2  psig 

Test Media GN2 

This test performed after Sand and 

Dust  test. 

Duration of Test  2 min.  

Te s t Eng ine e r  J-A;?n iIN 1 1 1  r l  I 
I I 
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1.2.3.6.6 Thermal Shock 

Requirements 

The thermal shock test was  conducted to evaluate  the  test 
item and protective cap material under the  m o s t  severe high 
temperature conditions expected due  to t h e  blast of a launch 
vehicle during lift-off. 

Procedure 

A f l a m e  source having the  minimum capabili ty of 140OoF w a s  
to be mounted i n  a fixed posit ion (See Figure 44). Theodistance 
from the  flame source at which the  temperature of 1400 F w a s  
to be marked. The test item w a s  then to be exposed to the  
flame at th i s  point for a periotiof t e n  (10) seconds.  

This test was  to be performed f i r s t  on the  side of all burst  
discs. Following th is  test, one (1) specimen was  to be 
capped with the  protective cover material (Silicone Si las t ic  
55 from Dow Corning) and  the  flame directed first on  the  side 
and  then on the  top. 

Tes t  Results - Burst D i scs  

Each burst  disc assembly completed thermal shock with no 
visible defec ts  e Functional leak tests showed no detectable  
leakage of any  specimen. (See Figure 42) 

When t h e  test specimens had returned to room ambient tempera- 
ture, they  were photographed in  t h e  test position and visual ly  
inspected.  Visible defects  a s  the  resul t  of the test, were 
recorded. The burst  discs were then functionally leak 
tes ted  and the  data recorded. 

Test Results - Silicone (Protective Material 

The smooth top surface showed no defect after test. Slight 
flaming occurred on the rougher surface of the side which ap-  
peared to be the  burning-off of surface impurities (probably the  
mold release agent  res idue) .  An examination of th i s  area re- 
vealed s l ight  "checking" of the  surface with no deep  cracks.  
Figure 43 shows the  protective c a p  after f l a m e  tes t ing w a s  com- 
pleted. 

Test Data 

The following test data  shee t s  reflect the  resu l t s  of the  test 
and functional leak test which followed. 
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Thermal Shock Test Setup 

Thermal Shock Test Setup 

F igure  42.  Thermal Shock T e s t  Set-Up 
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Top Unaffected By 
1400°F - 10 Sec. Test 

Examination Of Side 
Shows Slight Damage 

To  Burning Off Of 
Surf ace Impurities 

Cover Material 
Dow Corning 

Si las t ic  5 5  Silicone- 

Top Af ter  Test 
Is Unmarked 

-Side Shows Slight 
Superficial Damage 

Burst Disc  Protective Cover Af ter  Thermal Shock 
Test (1400OF - 1 0  Sec.)  

Figure 4 3 .  Thermal Shock Test - Protective Cover 
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T€ST 
ITEM I 

I L 

-I 
1 

FLAME NOZZLE 
(N FIXED POSTION) 

Figure 44. High Temperature Test Set-Up 
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DESIGN VERIFICATION TEST 
TEST DATA SHEET 

Type of Test  Thermal Shock Date of Test 10-7-69 

Part N a m e  Burst Disc Part Number A s  Shown 

Test Procedure 8-480087 Part Serial Number AS Shown 

Test Pres sure N/A Test Media Flame 1400°F  Duration of Test 10 sec. 

Manufacturer 

1. Calmec RDS-106 

2 .  Calmec RDS-106 

3. Calmec RDS-106 

4 .  Calmec RDS-106 

5. Calmec RDS-106 

6. Calmec RDS-106 

7. Calmec RDS-106 

8. Calmec RDS-106 

9 .  Calmec RDS-106 

10. Calmec RDS-106 

11. Fike A 3856-1 

12. Fike A 3856-1 

13, Fike A 3856-1 

14. Fike A 3856-1 

15. Fike A 3856-1 

16. Fike A 3856-1 

17. Fike A 3856-1 

18, Fike A 3856-1 

19. Fike A 3856-1 

20. Fike A 3856-1 

2 1 .  Fike A 3857-1 

2 2 .  Fike A 3857-1 

23 ~ Fike A 3857-1 

2 4 .  

Serial Number 

5 

6 

7 

8 

9 

10 

9 

10 

1 

2 

Remarks 

No visible damage 

N o  visible damage - 
N o  visible damage 

No visible damage 

N o  visible damage 

N o  visible damaae 

No visible damage 

N o  visible damaqe 

No visible damage 

N o  visible damage 

No  visible damage 

No visible damage 

N o  visible damage 

N o  visible damage 

N o  visible damage 

No visible damage 

N o  visible damage 

N o  visible damage 

N o  visible damage 

N o  visible damaae 

-- 

N o  visible damaue 

No visible damaue 

3 N o  visible damaae 



DESIGN VERIFICATION TEST 
TEST DATA SHEET 

Type of Test Thermal Shock Date of Test 10-7-69 

Part N a m e  B u r s t  Disc  Part Number A s  Shown 

Test Procedure 8-480087 Part Serial Number A s  Shown 

Test Pres sure N/A Test Media Flame 1400°F Duration of Test 1 0  sec. 

Manufacturer 

1 Fike A 3857-1 

2 Fike A 3857-1 

3 a Fike A 3857-1 

4 .  Fike A 3857-1 

5 .  Fike A 3857-1 

6 .  Fike A 3857-1 

7.  Fike A 3857-1 

8. 

9. 

10 0 

11. 

12. 

14. 

15. 

16. 

17. 

18. 

19. 

20 e 

21. 

22 .  

23 .t 

24. 
6 

Serial Number 

4 

6 

7 

9 

10  

R e  marks 

N o  visible damaqe 

N o  visible damacre 

N o  visible damaqe 

N o  visible damaqe 

N o  visible damaqe 

N o  visible damaqe 

N o  visible damaqe 



DESIGN VERIFICATION TEST 
TEST DATA SHEET 

Type of Test Thermal Shock Date of Test 10-7-69 

Part N a m e  Silicone Protective Cover Part Number A s  Shown 

Test Procedure 8-480087 Part Serial Number A s  Shown 

Test Pressure N/A Test Media Flamk 1400°F Duration of Test 10 sec. 

Manufacturer Serial Number 

1. Dow Corning (Si1icone)SiLastic 55 

3. 

4 .  

6 .  

1 .  

8 .  

9 .  

10.  

11. 

12.  

14. 

16. 

17. 

19. 

2 2 .  

23. 

2 4 .  
- 

Re mark s 

Top - No visible damage from direct 
f l a m e  for 1 0  sec. 

Side - Limited damage fine checking 
of surface at 10 sec. of direct f lame.  

Side - Same as above with what 
appeared to be a burning of surface 
impurities. 

Test results indicate Silastic 55 
would provide a desirable flame 
protector for Burst Disc 



DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Functional Date of‘Test 10-7-69 

Part Name Burst Disc  part Number Calmec RDS-106 

Test Procedure 8-440087, Para 5 .2  Part Serial Number - 

A, Leakase 

Leak Rate Before Pressure 

Remarks 

This test performed after Thermal Shock 

test. 

Leak Rate After Pressure 

Test < 1x10-~’ scc/sec 

B, Pressure T e s t  

Tes t  Pressure 20 *2  psig 

Test Media GN2 

Duration of T e s t  2 min. 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Functional Date of 

Part Name Burst D i s c  Bart 

Test 10-7-69 

Number Fike A 3856-1 

Test Procedure 8-440087, Para 5 e 2 Part Serial  Number 1 - 10 

A. 

B. 

Leakaqe 

Leak Rate Before Pressure 
-1 0 Test < 1x10 scc/sec 

Leak Rate After Pressure 

Test < ~ x ~ O - ~ O  scc/sec 

Pressure Test 

Test Pressure 20 k2 psig 

Test Media GN2 

Duration of Test 2 min.  

Remarks 

This test performed after Thermal Shock 

test. 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Functional Date of Test 10-7-69 

Part Name Burst D i sc  Part Number Fike A 3857-1 

T e s t  Procedure 8-440087, Para 5 .2  Part Serial  Number 1 - 10 

Remarks 

A. Leakaqe 

Leak Rate Before Pressure 

Test l X 1 o - l o  scc/sec 

Leak Rate After Pressure 

Test < ~ x ~ O - ~ O  scc/sec 

B. Pressure Test 

Test Pressure 20 &‘2 psig 

Test Media GN2 

Duration of Test ‘2 min.  

This test performed after Thermal Shock 

test- 

. .p,-.,., 
I 
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1.2.3.6.7 Shock Test 

Requirements 

The shock test is performed to evaluate  the  burst  d i s c  assembly's 
res i s tance  to shock during normal service,  installation, handling 
and shipment. The shock test was  conducted in  accordance with 
Section 10 of KSC-STD-164De The test i t e m  is to be instal led on  
the  test fixture a s  shown in  Figure 50 and tes ted  in  accordance 
with the following requirements: 

A. Pulse shape  one-half s ine  wave 

B. Dura t ion 

C. Amplitude 

2 m s  f 0.6 m s  or  f 15% 
whichever is greater 
30 g f 15% 

D. Direction of axes as shown 

Procedure 

The  axes re lat ive to the  test specimen a r e  defined below, 
Direction of shock was  to be i n  both directions of each  axis 
for each  of the three (3) mutually perpendicular axes. 

X X 

Sequence i n  which axes a re  to  be tested: 

(1) Axis X 

(2) Axis Y 

(3 1 Axis Z 

+ to - 
- to + 
+ to - 
- t t  - 
+ to - 
- to + 

The test specimens were to be functionally leak tes ted  i n  each  axis 
prior to being rotated to another axis. Following the shock test 
i n  all three axes the test specimens were to be functionally leak  
tes ted .  
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Any visible defects  noted a s  a resu l t  of th i s  test were to be 
recorded. 
test w a s  to be recorded, 

The test data  from the shock test and functional 

T e  s t Results 

The shock tests were completed for all burst  d i s c  assemblies. 
None of the specimens tested incurred structural damag, 0 as a 
resul t  of the test. 
functional test on any  specimen. See Figures 45, 46 and 47. 
They show the test units following testing in  the X, Y and Z 
axis respectively.  

No leakage was  detectable during the  

The teflon coating on Fike A3857-1 S/N6 was  found to b e  
slightly cracked following the test a s  shown in Figure 48. 
Figure 49 depicts  t he  s i n e  wave curve for each  axis of testing. 

Test Data 

The following test data shee ts  reflect the resu l t s  of the shock 
test followed by the functional test, 
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Shock Test Set-Up 
Burst Discs 

X Axis 

Figure 45.  Shock Test Set-Up - Burst Discs, X Axis 
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Shock T e s t  Set-Up 
Burst D i s cs 

Z Axis 

Figure 4 6 .  Shock Test Set-Up - Burst Discs, Z Axis 
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Shock Test Set-Up 
Burst D i sc  

Figure 47. Shock Test Set-Up - Burst Discs, Y Axis 
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Separation of Teflon 
Coating a t  Disc/Body 

-, Inter f a c e 

NOTE: Damage Noticed 
After Shock Test 
In 3 Axes. 

Top View of Fike A3857-1 S/N6 
A l l  Welded Burst D i sc  

Figure 48. Damaged Disc - After Shock - 3 Axes 
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I 
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SL-\OC.\< TEST SET- up 

I 
I 

Figure 50. Shock Test Set-Up 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test  Functional Date of Test 10-7-69 

Part Name Burst D i s c  Part Number Fike A 3857-1 

Test Procedure 8-440087, Para 5 . 2  . Part Serial Number 1 - 10 

A. 

B. 

Lea kaq e 

Leak Rate Before Pressure 

Test < lxlO-lo scc/sec 

Leak Rate After Pressure 

Test < 1x10 scc/sec 

Pressure Test 

Test Pressure 20 *2  psig 

-1 0 

Test Media GN2 

Duration of Test 2 m i n .  

Remarks 

This test performed followina X, Y, and 

Z axes shock. 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Functional Date of T e s t  10-8-69 

Part Name Burst D i s c  Part Number Calmec RDS-106 

T e s t  Procedure 8-440087, Para 5 e 2 Part Serial  Number 1 - 10 

Remarks 

A, Leakage 

Leak Rate Before Pressure 

Test 4 lxlO-lo scc/sec 

Leak Rate After Pressure 

Test ( ~ x ~ O - ~ O  scc/sec 

B. Pressure Test 

Test Pressure 20 3 ~ 2  psig 

Test Media GN2 

Duration of T e s t  2 m i n .  

This test performed following X, Y, and 

Z axes shock., 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Tes t  Functional Date of Test I. 0-8-69 

Part Name Bur st Di s c Part Number Fike A 3856-1 

Test  Procedure 8-440087,  Para 5 .2  Part Ser ia l  Number 1 - 10 

A. 

B. 

Leakaqe 

Leak Rate Before Pressure 
-1 0 Test <1x10 scc/sec 

Leak Rate After Pressure 

Test scc/sec 

Pressure T e s t  

Test Pressure 20 *2 psig 

Test Media GN2 

Duration of Tes t  2 min. 

R e  marks 

This test performed following X, Y, and 

Z axes shock.  

Test Engine e 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Shock Date of Test 10-7-69 

Part Name Burst Disc Part Number Fike A 3857-1 

Test i3rocedure 8-480087 Part Serial Number 1 - 10 

Drop 
N o .  

1 

2 

3 

4 

5 

6 

- Axis - 
x +  t o -  

X - t o +  

Y +  t o -  

Y - t o +  

z t  t o -  

Z - t o +  

Remarks 

No visible damage 

No visible damage 

No visible damage 

No visible damage 

No visible damage 

No visible damage . 

S/N 6 teflon coating on the d i s c  

diaphragm was found to be  cracked 

following the three axes of shock. 

Te s t Te c hn i c ia n 

Te s t Eng ine e 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Shock Date of Test 10-7-69 

Part Name Burst Disc * Part Number Fike A 3856-1 

Test ?rocedure 8-4eoo87 Part Serial Number 1 - 10 

Drop 
NO. Axis - - 
1 x+ t o -  

2 x - t o +  

3 Y +  t o -  

4 Y - t o +  

5 2 +  t o -  

6 2 - t 0 +  

Remarks 

No visible damage 

No visible damage 

No visible damage 

No visible damage 

No visible damage 

No visible damage 

$, /tj)Q&y/~ . 4' 

Te s t Te c hn ic i a n 

Te s t Eng ine er 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Shock Date of Test 10-7-69 

Part Name Burst Disc Part Number Calmec RDS-106 

Test Procedure 8-480087 Part Serial Number 1 - 10 

Drop 
No. 

1 

2 

3 

4 

5 

6 

- Axis 

x +  t o -  

X - t o +  

Y +  t o -  

Y - t o +  

z +  t o -  

Z - t o +  

I_ 

Remarks 

No visible damage 

No visible damage 

No visible damaqe 

No visible damage 

No visible damaqe 

No visible damage 
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1 ~ 2.3.6.8 Vibration Test  

Requirements 

The vibration test was  to be performed to determine t h e  test i tem's  
integrity in  the  predicted vibration environment. 

The test i t e m  w a s  to be  instal led in  a test fixture as  shown i n  
Figure 54. The test i t e m  w a s  to be subjected t o  vibration tests 
in  accordance with KSC-STD-l64D, Paragraph 9 .2 ,  and Procedure I ,  
Paragraphs 9 . 3  e 1 and 9 e 3 e 2 ,  except  tha t  the  test leve ls  were to be 
specified in  th i s  document. 

The entire sequence of vibration test w a s  to be accomplished three 
t i m e s  (once i n  each of the principal axes) and all tes t ing was  to 
be completed in  one axis before changing axes. The test se- 
quence in  each  axis was  to be  (1) resonant  frequency search  and 
s inusoidal  sweep.  (See Figures 51 and 52) 

Throughout the  vibration test program, the test i t e m  was  to be 
functionally monitored for possible failure (see Figure 53). 
Prior to tes t ing  in  each  axis, t h e  test i t e m  was  to  be functionally 
tes ted .  

Requirement Resonant Search 

The test i t e m  w a s  to be  instal led in  accordance wi th  Para. 4 .4 .1  
of KSC-STD-164D. The fixture/test  i t e m  assembly was  to be 
exposed to s inusoidal  vibration a t  a n  accelerat ion level of 3 g. 
The frequency range of 20 to 3000 c p s  was to be  traversed logarith- 
mically i n  directions of both increasing and decreasing for a total  
period of 15 minutes per axis maximum. 
functionally t e s t ed  a t  the  conclusion of the  test. 

The test i t e m  was  to  be 

Sinusoidal Sweep 

The fixture/test  i t e m  assembly was  to be  exposed to s inusoidal  
sweep vibration under conditions found in  Figure 55, Curve B, 
a t  a n  accelerat ion of 30 g. The frequency range of 10 to 2000 cps  
w a s  to be traversed logarithmically i n  directions of both increasing 
and decreasing frequency for a total test period of 20 minutes 
(10 minutes increasing and 10 minutes decreasing) .  The test i t em 
w a s  to be functionally leak  tes ted  a t  t h e  conclusion of t h e  test. 

. 

Test Resul t s  

Vibration tests were completed for all burst  d i s c s  in  each  of the 
three axes tes ted .  The specimens were stable throughout the 
frequency range from 20 to 1800 cps .  A t  1800 c p s ,  the low torque 
retainer c a p s  on the AMETEK/Calmec RDS-106 unscrewed, This  
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occurred on two of the ten specimens tes ted .  Re-  
tightening the cap eliminated t h e  problem and leakage. On 
one of the  Calmec(S/N 8)specimens, the nut, d i sc  plug and 
cutter came completely off the body without any subsequent 
leakage. Apparently the vacuum kept t he  diaphragm from 
coming off a l so .  The cutter and diaphragm separation was  due 
to  tack welds that  had been broken prior to vibration. This 
had occurred as a resu l t  of the many assembly-disassembly 
operations performed on these d i s c s .  

Functional leakage tests were performed following vibration 
with no detectable  leakages 

The Z ax i s  sinusoidal sweep was  conducted a t  15 gs for 
each component. This  was due to problems experienced with the  
power amplifier and inability to generate the required 30 g 
force. This does not create  problems since the X and Z axes  
a re  identical  and the  X and Y axes  were vibrated a t  30 gs.  

Random vibration was not conducted. 

Paragraph 5.12.2.3 of Test Procedure 8-480091 Random Excita- 
tion w a s  not performed for the following reasons: 

A .  The s ine vibration for t h i s  particular hardware 
that  was performed subjected t h e  specimen to 
a more severe test than would be experienced 
i n  random vibration. 

B .  Fixture equalization required to perform random 
vibration for each component would cos t  i n  ex- 
cess of benefits gained. 

Test Data 

The following test data sheets and photographs reflect  t h e  
resu l t s  of the  vibration test followed by t h e  functional 
leak test. 
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Vacuum 
Pump-Down 
System 

Test 
Manifold 

Lfike A3 8 5 7 9 i k e  A3856 
RDS-106 

Burst Disc Vibration Test - Z Axis 

Figure 51. Vibration 2 Axis - Burst Disc 
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Test Vibration 
Manifold Exciter 

L F i k e  A 3 8 5 6  LFike A 3 8 5 7  d-Calrnec 
RDS-106 

Burst D i s c  Vibration Test - Y A x i s  

Figure 52. Vibration Y Axis - Burst Disc 

Page 182 



Vibration 
Exciter f 

L Test 
Fixture 

Burst Disc Vibration Test - Y Axis 

F i g u r e  53. V i b r a t i o n  T e s t  Showing Leak Moni tor ing  Method 
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SINUSOIDAL VIBRATION TEST LEVEL 

10 
FREQUENCY - 

loJ 
CPS 

F i g u r e  55. S i n u s o i d a l  V i b r a t i o n  T e s t  Level  
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DESIGN VERIFICATION TEST 
TEST DATA SHEET 

Type of Test Vibration Date of Test 11 -4-69 

Part Name Burst Di s c Part Number Fike A 3857-1 

Test Procedure 8-480090 Part Serial Number 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 ,  
9 , l O  

See Photo 

Type of Recorder Sanborn 350 No .  of Channels 6 

Re cording C alibratio 

-__I 75 to3000cps @ 3 G ' s  peak 

__.- 75 to2000cps @30 G ' s  peak 

/ 
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DESIGN VERIFICATION TEST 
TEST DATA SHEET 

Type of Tes t  Vibration Date of Test 11 -4-69 

Part Name Burst D i sc  Part Number Calmec RDS-106 

Test  Procedure 8-480090 Part Serial  Number 1 , 2 , 3 , 5 , 7 , 9 , &  10  

Type of Recorder Sanborn 350 
0-10 g ' s  RMS - 

Recording Cal ibrat ion 0-100 g 's  RMS 

I 
Bolt Torque Values 

7 5 c p s @  0.10 in.  D. A. 

1 0 t o  75cps@ 0 .05  in.  D .  A .  -- 

- N o .  of Channels 6 

Sketch 
1 Accelerometer Placement 

- 
See  Photo 

No Failure 

Te s t Te c hn icia 

Test Engine e 

ns  pe c tion 
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DESIGN VERIFICATION TEST 
TEST DATA SHEET 

Type of Test Vibration Date of Test 11 -4-69 

Part N a m e  Burst Disc  Part Number Calmec RDS-106 

Test Procedure 8-480090 Part Serial  Number 8 

Type of Recorder Sanborn 350 No.  of Channels 6 
0-10 g ' s  RMS . 

Recording Calibration 0-100 9's RMS 

Bolt Torque Values 
1 

Search Time 2 5 O /Min e 
Sweep T ime  16"/Min. 

. -- 2 0 t o  75cps @ 0.01 in.  D.A. 

75 to3000cps @ 3 G ' s  peak 

1 0 t o  75cps  @ 0.10 in .  D. A. 

GIs peak 

10 to 75cps @ 0.05 in.  D .  A.  

75 tol500cps @15 GIs peak 

-- 
-- 
-- 75 to200Ocps @30 

-- 
- 

- to CPS @ in .  2/cps 

to cps  @ G 2/cps 

t o -  c p s  @ db octave 

t o -  * c p s @  G 2/cps 

- t o  c p s @  db octave 
Search 

Accelerometer Placement 
Sketch 

See  Photo 

Test Technician ~u ~/;A'&x/ s/J" Inspection 

Test Engineer 
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DESIGN VERIFICATION TEST 
TEST DATA SHEET 

Type of Test Vibration Date of Test 11-4-69 

Part N a m e  Burst D i sc  Part Number Calmec RDS-106 

Test Procedure 8-480090 Part Serial  Number 4 & 6 

Type of Recorder Sanborn 350 No.  of Channels 6 
0 - 10 g ' s  RMS 

Recording Calibration 0 - 100 g's RMS 

Bolt Torque Values 

rch T ime  25"/Min. 
e p  T ime  16" /Mine 

75cps @ 0.01  in .  D . A .  

75 to3000cps @ 3 G ' s  peak -- 
i o  to 7 5 ~ ~ s  @ 0.10 in .  D. a. -- 
-- 75 to2000cps @30 GIs  peak 

1 0  to 75cps @ 0.05 in.  D .  A .  -- 
I, 
iandor 
;ond . 

Axis - 
X 

Y 

Z 

75 t01500cps -- @15 G's-peak 
_Î  

Random -.-- 

. .  to c p s  @ i n .  Z/cps 

to cps  @ G 2/cps 

-to- c p s  @ db octave 

-- to C P S @  G 2/cps 

c p s  @ db octave -to____ 
Search 

R e  marks 
Retaining Ring Became Loose 
During Sweep - No Leakage 
N o  Failure 

N o  Failure 

Accelerometer Placement 
Sketch 

See  Photo 
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DESIGN VERIFICATION TEST 
TEST DATA SHEET 

Type of Test  Vibration Date of Test 11 -4-69 

Part Name  Burst Disc  Part Number Fike A 3856-1 

Test Procedure 8-480090 Part Serial Number 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 ,  

Type of Recorder Sanborn 350 No.  of Channels 6 
9 , 1 0  

0-10 C T ' S  RMS 
Recording Calibration O-lOo-g's RMS 

Bolt - 
i n e  
ond 

lean 

wee 

kis 
wee 
.and 
- 

Torque Value s 

Sea rch  Time 25" /Mine 
Sweep Time 16"/Min. 

1 2 0 t o  75cps  @ 0.01 in.  D.A. 

-- 75 to3000cps @ 3 G ' s  peak 

-- 10to 75cps  @ 0.10 in .  D. A. 

-I__ 75 to2OOOcps @30 G ' s  peak 

-- 10to  75cps  @ 0.05 in .  D .  A .  

s ($15 G ' s x e a k  

to c p s  I- @ db octave 

t o -  CPS @ G 2/cps 

-to___ c p s  @ db octave 
Sweep 

Axis - R e  marks 
X No Failure 

Y No Failure 

Z No Failure 

Accelerometer Placement 
Sketch 

See Photo 

Sweep time Operator 

"/,yi&? 4:V-F 
iohqfi4 D 4 a -  

15 Min. 
20 Min. 
15  Min. 
20 Mine 

20 Min.  

15  Min. 
3.1) M i n  

Test Technician J.C. L/A/ ~ E X J H ~ + ~  s/s Inspection 

Test Engineer (? 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test  Functional Date of Test 11 -3-69 

Part Name Bur st D i s c  Part Number Fike A 3857 

Test Procedure 8-440087,  Para 5 . 2  Part Serial  Number 1 - 10 

A. Leakaqe 

Leak Rate Before Pressure 

Test < 1x1 0-l '  scc/sec 

Leak Rate After Pressure 
-1 0 Test < 1x10 scc/sec 

B. Pressure Test 

Test Pressure- 20 * 2  ps ig  

Te s t Me d ia G N 2  

Duration of Test 2 min.  

Remarks 

This test performed following vibration 

in  X,  Y ,  and Z Axes 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Functional Date  of Test 11-3-69 

Burst D i s c  Part Number Calmec RDS-106 Part Name 

Test Procedure 8-440087, Para 5 e 2 Part Serial Number 1 - 10 
Remarks 

This test performed following vibration 

in  X, Y,  and Z axes .  

A. Leakage 

Leak Rate Before Pressure 

Test < lXIO- lo  scc/sec 

Leak Rate After Pressure 

Test 4 ~ x ~ O - ~ O  scc/sec 

B. Pressure Test 

Test  Pressure 20 *2  psig 

Test Media GN2 

Duration of T e s t  2 min.  

Te s t Engineer 
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DESIGN VERIFICATION TEST. 

TEST DATA SHEET 

Type of Test Functional Date of Test 11-3-69 

Part Name Burst D i sc  Part Number Fike A 3856 

Test Procedure 8-440087,  Para 5 .2  Part Serial  Number 1 - 1 0  

R e  marks 

A. Leakaqe This test performed followins vibration 

Leak Rate Refore Pressure i n  X, Y ,  and Z axes e 

Test < 1 ~ 1 0 - ' ~  scc/sec 

Leak Rate After Pressure 

Test < ~ x ~ O - ~ O  scc/sec 

B. Pressure T S  

Test Pressure 20 f2 psig- 

Test Media GN2 

Duration of Test 2 min. 
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1.2.3.6 e 9 Burst Pressure Test 

Requirements 

The burst  pressure test is performed to determine if the test 
c a n  withstand the  specified burst pressure without rupture 
and to determine a t  what pressure the test i t e m  will  rupture. 

Several discs with dented surface were also to be t e s t ed  to 
determine e f fec ts  of dents  on burst tolerance. (These d i s c s  
were dented to simulate handling damage). This part of the  
test is not a controlled test and r e su l t s  are for comparison 
only. 

Procedure 

Specific test parameters and levels  are a s  follows: 

A. Burst Pres sure 30 f 5 psig 

B. Test Media Nitrogen Gas 
C. Test Dura tion Two (2) minutes at burst pressure 

The test i t e m  was  to be installed i n  a test set-up a s  shown i n  
Figure 61 and pressurized a t  a n  increase ra te  of not more than 
5 psig/minute to burst pressure and maintained for two minutes. 
If rupture did not occur, pressure was  to be increased i n  one (1) 
psig increments, increase not to exceed one (1) psig/minute 
until rupture occurred. The rupture pressure, test media and test 
duration a t  burst  pressure was  to b e  recorded. 

Test Results 

Each type of burst d i s c  configuration was  subjected to the  burst 
pressure test. Number of specimens burst tes ted are: 

AMETEuCalmec 
Undamaged 

12 
Damaged 

1 

Fike A3856-1 10 3 
Fike A3857-1 6 - 

Ten (10) AMETEK/Calmec RDS-106 replaceable d i s c  assemblies, 
t en  (10) Fike A3856 replaceable d i s c  assemblies, and six (6) 
F i k e  A3857 all welded d i s c  assemblies  were burst tes ted.  The 
following shows the burst  pressure for each  type tested: 

Actual Burst Pressure 
AMETEK/Calmec, RDS-106 

S/N 1 through 12 
Rated burst  pressure - 37 psig 

Replaceable Assembly 37 psig - 1 d i s c  
39 psig - 5 d i s c s  
40 psig - 1 d i s c  
41 psig - 4 d i s c s  
43 psig - 1 d i s c  
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Fike A 3856 (Replaceable Assembly 
S/N 1 through 10 24 psig 

2 6  psig 
28 psig 
29 psig 
30 psig 
32 psig 
34 psig 
37 psig 

Rated burst  pressure - 29 psig 

- 1 d i s c  
- 2 d i s c s  
- 1 d i s c  
- 2 d i s c s  
- 1 d i s c  
- 1 d i s c  
- 1 d i s c  
- 1 d i s c  

Fike A 3857 (All welded) 
S/N 1, 2 ,  4, 6, 7 & 9 
Rated burst  pressure - 33 psig 30 psig - 1 d i s c  

34 psig - 1 d i s c  
35 psig - 3 d i s c s  
39 psig - 1 d i s c  

Figures 58, 59 and 60 show the burst d i s c  assemblies  following 
burst pressure tes t ing .  Four specimens were dented prior to 
testing. A l l  of these  d i s c s  showed a n  uneven distribution of 
load across the face following burst  test. In several  d i s c s ,  
a s  much as 40% of the d i s c  surface did not buckle. 
t ha t  are not dented buckle across the entire surface). 

(Discs 

Each of the four (4) damaged d i s c s  reversed against  the cutter 
blade a t  10 psig. Rupture occurred a t  20 psig on the three (3) 
Fike A3856 and a t  23 psig on the  one (1) AMETEK/Calmec RDS- 
106. Figures 56 and 57 depict  the semi-buckled condition of 
pre-dented d i s c s .  

Examination of t h e  burst d i s c s  (Figures 56 through 59) show that 
a ful l  flow opening of the diaphragm was  not attained a t  burst .  
These r e su l t s  were expected s ince  the low gas  volume pressure 
tests were conducted. 

The tes t ing method determines the actual  burst  pressure to a 
closer tolerance than can  be  readily attained using a large 
volume of stored gas. 

Data Sheets 

The following test data s h e e t s  and photographs reflect  the re- 
s u l t s  of the burst  pressure test. . 
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Calmec 

Body 
RDS-106 

.Test 
Fixture 

Pres sure  
I 

Hose 

Burst Disc  Burst Test Setup 

NOTE: Diaphragm on left s i d e  did 
not buckle across  total surface.  

Burst A t  23 psig 
(Damaged Prior To Burst) 

Burst A t  39 psig Burst A t  37 psig 

Burst Disc  Burst Test Specimens 

Figure 56. Burst Test - C a l m e c  Burs t  Discs 
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Burst Disc  Burst Test Specimens 

-Fike A3 856 
Body 

Test 
Fixture 

Pres sure  
Hose 

Burst D i sc  Burst Pressure Setup 

Each Specimen Buckled A t  10  ps i  - NOTE: That buckling did not occur across  
Ruptured at 20-21 psig total surface due to damaged surface 

F i g u r e  57. B u r s t  T e s t  - F i k e  B u r s t  Discs 
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Note Complete Penetration Of Cutter Into Disc  Diaphragm 

Rated Burst Pressure - 29 psig 
A l l  Specimens Burst Within *8 psig 

Fike A 3856-1 Burst Disc - Replaceable Assemblies 
Burst Test Results 

Figure 58. Burst T e s t  - Fike Replaceable Burst Discs 
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Note  That Perforation Was Not Complete In Several Diaphragms 

Rated Burst Pressure - 37 psig 
Al l  Specimens Burst Within k 6 psig 

AMETEK/Calmec RDS-106-1 Burst Disc  - Replaceable Assemblies 
Burst Test Results 

F i g u r e  59. B u r s t  T e s t  - Calmec Rep laceab le  B u r s t  Discs 
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Note Complete Penetration Of Cutter Blade Into Burst Disc  Diaphragm 

Rated Burst Pressure - 33 psig 
A l l  Specimens Burst Within i.6 psig 

Fike A 3857-1 Burst Disc  - A l l  Welded Units 
Burst Test Results 

Figure 60. Burst T e s t  - Fike Burst Discs 
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*DE SIGN VERT FI C AT1 0 N TEST 
TEST DATA SHEET 

Type of Test Burst Date of Test 11 -7-69 

Part N a m e  B u r s t  Disc  Part Number A s  Shown 

Test Procedure 8-480087 Part Serial Number A s  Shown 

T e s t  Pres sure A s  Shown Test Media GN, Duration of Test A s  Show 
LI 

Manufacturer Serial Number  

1 .  AMETEK/Calmec RDS-106 1 

2 AMETEK/Calrnec RDS-106 2 

3 .  AMETEK/Calmec RDS-1.06 3 

- 
- 

4 . .  AMETEK/Calmec RDS-1 06 4 

5. AMETEK/Calmec RDS-106 5 

6 .  AMETEK/Calmec RDS-106 6 

7.  AMETEK/Calmec RDS-1 06 7 

8. AMETEK/Calmec RDS-106 8 

9 .  AMETEK/Calmec RDS-106 9 

10 .  AMETEK/Calmec RDS-106 10 -- - -  

11. Fike A 3856 

1 2 .  Fike A 3856 

13. Fike A 3856 

1 4 .  Fike A 3856 

15. Fike A 3856 

16. Fike A 3856 

17. Fike A 3856 

18. Fike A 3856 

19.  Fike A 3856 

20. Fike A 3856 

2 1 .  

2 2 .  

23 e 

Remarks 

Burst - 41 psig - 8 min. 

Burst - 39 psig - 8 min. 

Burst - 39 psig - 8 min. 

Burst - 40 psig - 8 min. 

Burst - 41 psig - 8 min. 

Burst - 39 psig - 8 min. 

Burst - 43 psig - 8 min. 

Burst - 39 psig - 8 min. 

Burst - 41 psig - 8 rnin.. 

Burst - 41 mia - 8 min. 

1 Burst - 24 psia - 5 min. 

2 - 
3 

4 

5 

6 

7 

8 

Burst - 34 psig - 7 min. 

Burst - 26  psig - 5 min. 

Burst - 28 psig - 5 i  min. 

Burst - 37 ps ig  - 7 min. 

Burst - 29 psig - 6 min. 

Burst - 29 psig - 6 min. 

Burst - 26 psig - 5 min. 

- Burst - 32 psig - 6 min. 

Burst - 30 psig - 6 min. 
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‘ ,DESIGN VERIFICATION TEST 
TEST DATA SHEET 

Type of Test Burst Date of Test 11 -7-69 

Part N a m e  B u r s t  Disc  Part Number A s  Shown 

Test Procedure 8-480087 Part Serial Number A s  Shown 

Test Pressure A s  Shown Test Media GN, Duration of Test A s  Shown 
I 

Manufacturer 

1 .  Fike A 3857 

2 .  FikeA 3857 

3 ,  Fike A 3857 

4 .  Fike A 3857 

5 .  Fike A 3857 

6 .  FikeA3857 

7 .  

a .  
9 .  - 

10. 

11. 

1 2 .  

13. 

14. 

16. 

17. 

18. 

19. 

20. 

21. 

2 2 .  

23. 

24. 

Serial Number 

1 

R e  marks 

Burst - 35 D s i  - 7 min. 

2 Burst - 35 D s i  - 7 min-  

4 

6 

7 

9 

- Burst’ - 35 ps i  - 7 min. 

Burst - 39 ps i  - 8 min. 

Surst - 34 ps i  - 7 min. 

B u r s t  - 30 ps i  - 6 min. - 



DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Type of Test Burst Pres sure  Date of Test 10-31-69 

Part Name Burst D i sc  Part Number Fike A 3856 

Test Procedure 8-480087 Part Serial Number 11 ,  12,  13  

Test Pressure 20 PSig 

Test Media GN, 

Duration of Test 5 min. 

Y 

Remarks 

Each specimen reversed at 10  psi .  

Rupture occurred at 20 psig. 

Rated Pressure: 29 psig 

Disc diaphragm was dented prior,to test’. . -  -_ - ._ 
. >  

5.4 /7’70ar2F +/? 
. .  

Test Technician 
I 
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DESIGN VERIFICATION TEST 

TEST DATA SHEET 

Part Name  Burst D i s c  Part Number AMETEK/Calmec RDS-106 

Test Procedure 8-480087 Part Serial  Number 11 ,  12, 13  

R e m  arks 

Test Pressure 37 - 39 PSig 

Test Media GN, 

Duration of Test 7 mino 

I 

S/N 11 ruptured at 37 psig 

S/N 1 2  ruPtured at 39 Dsiu 

S/N 1 3  was  damaged prior to  test and 
reversed a t  10 ps i  and ruptured a t  23 p s i .  

- 

Test 
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1.2.3.6.10 Flow Test 

The determination of flow rate (Paragraph 5.7 of T e s t  Procedure 
8-480087) for the burst d i s c  w a s  accomplished by analysis .  

The flow requirements for the burst d i s c  as stipulated in  the pro- 
curement specification is 350 SCFM. Analytically, it c a n  be 
shown tha t  a l - inch diameter d i s c  wil l  flow approximately 
400 SCFM. 
th is  report entitled "Burst Disc Sizing to Accommodate Vacuum 
Jacket Failure", dated 16  December 1968.) 

(This analysis  is included in the  Phase I Section of 

The flow test was  not conducted s ince  burst d i s c  obstructions to 
flow after rupture are almost non-existent with a pressurized 
annulus condition of 30 psig. The gas  volume present at burst 
causes  the snap-action and a complete peel-back of the diaphragm. 
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1.2,3.6.11 Liquid Ai r  Flashing Test 

Require men t s 

This test is conducted to simulate the  flashing nature of 
liquid air i n  the  vacuum annulus a t  burst  disc rupture when 
it becomes superheated by a rapid pressure drop i n  the annulus 
immediately following burst  disc rupture a 

Procedure 

A container of LN was  to be placed inside of a tank of a 
known volume a n 8  allowed to boil-off and pressurize the  tank 
to a n  internal pressure of 30 psig.  The container for the  LN2 
w a s  large i n  diameter with low side wal ls  to allow splashing 
of the LN2 on  to the  wal l s  of the tank during venting. When the  
pressure reached 30 psig t h e  vent valve was  to be opened to 
rapidly vent t he  tank of all gas (GN ) . A s  the tank is venting 
down a n y  increase in  pressure was  to be recorded. 

Results 

During th i s  venting operation, no increase in pressure was  
noted that  would be the  resu l t  of exploding liquid as  it came . 
into contact  with the  warm tank wal l s .  This test was  repeated 
with two LN container wall  heights to insure that  t he  container 
w a s  not inhi i i t ing the dispers ion of the  LN2 a t  venting. 

No pressure increase was  noted during either test. 

Data Sheets 

For photographs of test set-up, see Final Report - Vacuum 
Seal  Valve Task 11, Paragraph 2.2.1.4.9 Pump Out - 
Contamination Test. 



1.3 Procurement Specification 

Procurement specif icat ions were developed a s  a result 
of information gained from the phase I evaluation and the 
burst  d i s c  assembly tes t ing.  

NASA Specification No. 79K00108 has  been ass igned  to  
the specif icat ion t i t led "Replaceable Burst Disc ,  Vacuum 
Jacketed Cryogenic Transer and Storage Systems. 'I The 
all welded procurement specif icat ion has  been assigned 
NASA No. 79K00109 and t i t led "All-welded Burst Disc ,  
Vacuum Jacketed Cryogenic Transfer and Storage Systems. I' 

These specif icat ions were written to  be  used as  procure- 
ment cri teria for hard,ware tha t  will  m e e t  the  design 
object ives  of th i s  s tudy accomplished under NASA Contract 
NO. NAS 10-6098. 



1.4 CONCLUSIONS 

A.  The AMETEwCalmec Burst Disc development program 
w a s  successfu l  i n  es tabl ishing several  cr i t ical  burst 
d i s c  des ign  parameters e These parameters included 
various combinations of materials which were tested 
i n  the  burst  d i s c  assembly,  Tests were conducted 
on  the  cutt ing capabi l i ty  of severa l  different s t a in l e s s  
steels in  conjunction with the  Nickel diaphragm 
material. I t  was  found tha t  17-7PH afforded the  superior 
cutt ing edge (See Paragraph 1 .2  AMETEK/Calmec de- 
velopment report) .  TFE Teflon coating of the burst  
d i s c  diaphragm (which was  used by both AMETEK/ 
Calmec and Fike) provides excel lent  corrosion re- 
s i s t ance  and according to the manufacturer is e a s y  
to apply and is cons is ten t  i n  producibility. Both the 
.0025 Nickel and ,0015 Inconel 600 burst  d i s c  diaph- 
ragm tes ted  performed well  i n  meeting design require- 
ments.  Tests resu l t s  indicate tha t  t h e  best repeat-  
ab i l i ty  in burst  pressure was  attained with the Inconel. 

B. 

C.  

D. 

The Phase I1 test program has  establ ished t h e  reverse  
buckling burst  d i s c  a s  a re l iable  unit. Burst pressure 
repeatabil i ty can  be assured  if t h e  nominal pressure . 
within the  total pressure band is chosen a s  the des ign  
rated burst  pressure of the d i s c  diaphragm. Burst 
pressure tests have indicated that  deviation in  excess 
of 2 1 psi  of t h e  nominal pressure can  resu l t  in  burst  
pressures  outs ide of the  pressure allowable.  To insure 
burst  pressures  within the tolerance specified ( f 5 psib 
the d i s c  should be designed to within f 1 psi  of the 
nominal burst  pressure.  

The two (2) configurations tha t  were developed and tes ted  
indicate  high reliabil i ty for field application. Both 
units a r e  t h e  "Reverse Buckling" type. One is the all- 
welded Fike Model RKB-A3857-1 and t h e  other is the 
AMETEK/Calmec Replaceable Disc Assembly RDS-106. 
(The Fike model RKB-A3856-1 Replaceable Disc Assembly 
flat seat leaked excess ive ly  a t  rated s e a l  load and 
should be redesigned t o  a conical s e a t  in order to achieve 
recommendation for future procurement 

The cutter corrosion test was  not conclusive for de-  
termining t h e  effect of corrosion on  the cutter piercing 
point. T h i s  test was conclusive,  however, i n  de-  
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E. 

F. 

G. 

termining tha t  teflon coating over t h e  entire surface 
w a s  the least affected in  salt fog test and is se lec ted  
for future procurement of the  cutter d i s c  assembly. 
The Fike units, which were uncoated, showed no corrosion 
from salt fog test. Burst tests were completed with no 
evidence of blade cut ter  du l lness .  However, it must 
be noted tha t  salt fog tes t ing on all burst  d i s c  assemblies 
was  accomplished with protective caps  i n  place,  while 
the  cutters underwent salt fog tes t ing completely exposed. 
Since a significant character is t ic  for proper performance 
of the reverse  buckling d i s c  is t h e  piercing act ion which 
occurs  a s  the diaphragm buckles ,  teflon coating of the  
cutter blade will  insure tha t  the cutter blade will  exhibit  
the  same cutting character is t ics  over the useful life of the  
assembly.  

The burst  d i s c  assembly with a replaceable  diaphragm 
combines features  necessary to permit assembly in  
the  field with little chance of damage and a perman- 
e n t  seal. The  configuration of a welded cutter and 
bursting diaphragm is unique to  th i s  program and has  
yielded a cutter assembly tha t  can  eas i ly  be handled 
without damage. 
l ine  contact  of contoured conical surfaces  with sl ightly 
different radii ,  a light f i l m  of high vacuum grease  (Apei- 
zon) should be added to the seal ing surface prior to 
assembly.  

Since seal ing is accomplished by 

The determination by tes t ing of required features  t o  
ensure extended reliable life has  been verified. The 
features  determined t o  be  necessary to  ensure extended 
rel iable  life is t h e  select ion of materials: (1) 304L 
CRES Body, (2) Teflon-coated Nickel 200 or Inconel 
600 diaphragm, (3) Teflon-coated 17-7PH CRES cutter. 
The Teflon coat on the cutter is unique with th i s  pro- 
gram. 
necessary  to  maintain the required point for extended 
rel iable  life (five years  of more ) .  

Teflon coating will provide t h e  protection 

An ear ly  des ign  objective was  to provide protection 
on  t h e  inlet  s ide  of t h e  d i s c  in  t h e  form of a screen.  
However, during the development s t ages ,  a leakage 
free instal la t ion irc orporating t h i s  protective device 
was  not possible .  
velopment program, dents  on  the inlet  surface of the 
d i s c  were evaluated and pulled out by t h e  vacuum to 
determine t h e  effect on  burst  tolerance.  
dicated that the reverse  buckling pressure can be cut  
by as  much a s  two-thirds rated pressure.  Development 
of a protective device or screen is recommended. 

During the  early s t ages  of the de-  

Tests in- 
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H. 

I. 

J. 

K. 

L. 

Ext reme care  should be taken in  the u s e  of the all- 
welded unit., Since the d i s c  diaphragm is not re- 
movable during welding, the  unit could receive 
weld spatter on  the inner surface of the  d i sc .  This 
condition m a y  not be evident  during ins ta l la t ion 
and  could c a u s e  permanent damage to the diaphragm, 
affecting its burst  tolerance,  corrosion r e s i s t ance  
and reliabil i ty.  

The protective cap on the outlet  (or vent poJt) of the 
burst  disc is adequate  for exposure to 1400 F f l a m e  
for t e n  (10) seconds .  However, it should be provided 
with a means for retaining it t o  the body when ex- 
pelled.  Only one (1) material was  tes ted .  No other 
material was found tha t  the supplier would certify 
to the  high temperature requirement. This material 
is Dow Corning "Silastic" Sil icone. 

The conical s e a t  unit was  superior to  the f la t  seat. 
The seal on the conical  seat is relat ively unaffected 
by repeated uses or reinstallation where the Teflon 
seal on  the  flat seat does  not s tand up under re- 
peated use .  

I t  is recommended tha t  all externally threaded d i s c  
retainer nuts be  changed to internally threaded to 
eliminate t h e  possibil i ty of water entering t h e  assembly 
when instal led in  the upside-down at t i tude.  
t ec t ive  c a p  would then protect it while right s ide  up). 

(The pro- 

Vacuum grease  (Apeizon) was  used successful ly  on the  
sea l ing  surfaces  of t h e  d i s c  assembl ies  and is re- 
commended for future u s e .  
i n  protecting the Teflon seal ing surface of t h e  disc 
assembly  a 

It  is particularly helpful 
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1.5 RECOMMENDATIONS 

A. A program to determine the service life of vacuum grease on 
the  seal ing surface of the  burst d i s c s  is recommended. This 
material has  been very successfu l  in preventing leakage,  
damage to seal ing surface,  and lowering of high torques in  
order to seal. However, more information is needed relative 
to its service life when exposed t o  the environment at a 
launch complex at Kennedy Space Center. 

B. The future development of a protective screen  for the  inlet  
of the burst d i s c  is recommended. Effort in  th i s  area was  
made during the AMETEK/Calmec development program, but 
problems with seal ing with the  device attached resulted in 
th i s  effort being inconclusive.  Damage did occur on the 
inlet  surface of the d i sc s  tes ted  and this  damage potential 
has  to be eliminated i f  a burst pressure tolerance is going 
to be  a reliable feature of burst  d i sc s .  

C . The analytical  approach to pre-determining reverse buckling 
diaphragm parameters requires more tests be  made in  the  
area of forming diaphragms of various dimensions and 
materials. This wil l  add empirical data  that will  ensure 
higher degree of accuracy in the analytical  approach. 
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1.6 APPENDIX 

A. Burst Disc  Analysis 

(1) Sizing Burst Disc  for ,010 Square Inch 
Failure Area 

(2) Burst Disc  - Vacuum Jacket Failure 
(3) Burst Disc  Sizing - Various Line Sizes  
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EIGIWEERIYG REPORT 
NO: Appendix - Item B1 

S U B ~ E C ~ :  Sizing Burst Disc for . 010 Square-Inch DATE: November 1 3 ,  1968 
4 

Of 1 

NAS10-6098 
PAGE Orifice Area 

CHECKED: JOB NO: BY: C .  Urbanac 

This ana lys i s  was performed to evaluate  one failure mode. The conclusion 
reached for this  failure mode may not be the controlling factor for the final 
burst d i s c  s iz ing.  Additional failure modes wi l l  be  analyzed to determine 
the controlling requirement for burst d i sc  s iz ing .  

The s i z e  of the burst  d i s c  for the following failure mode analyzed is de- 
pendent on  the maximum crack s!ze or  weld porosity defect  that  could occur ,  
short  of a catastrophic  failure. A t  AMETEK/Straza we have experienced no 
fatigue crack failures, weld cracks , or weld porosity exceeding . O l O  square 
inch. Accordingly, this  ana lys i s  is based on  the gas  tha t  c a n  be vaporized 
from the fluid flowing through a . 01 0 square-inch area a t  operating l ine  
pressure.  

Reference: "Flow of Fluids Through Valves, Fittings and Pipe,  'I Crane 
Technical Paper No.  410, Pages 3-4. 

Equation 3-19 for liquid flow: 

Equation 3-20 for gas  flow: 

2 (2) W = 1891 d 
g 

Where: 

w =  
d =  
P =  
- K =  
v =  
Q =  
A =  

Rate of flow in pounds per hour 
Internal diameter of pipe in  inches 
Pressure in psig 

3 Resistance coefficient 
Specific volume of fluid i n  F t  /+b 
Weight density of fluid,  lbs/f t  
Differential between two points 

9: 
Combining equations (1) and (2) and solving for d 

4% (3) 1891 dgA L 

y <L vL 
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EWGIWEERIWG REPORT 
Appendix - Item B1 

~ J E C T :  Sizing Burst Disc  for .010 Square-Inch DATE: November 1 3 ,  1968 
4 

NO: 

OF 
Orifice Area 2 

C. Urbanac NAS10-6098 
I 

Diameter of orifice i n  inches 

dL = 4 hydraulic radii of a crack .010" wide .x 1.0" long 
= 4 x .010 
= .040 inches 2 

K = f k  where: f =  
L =  

i 

D =  

Friction factor 
Length in  feet 
I .D.  of pipe in  feet  

Assume KL = .50 K = .80 
9 

Therefore: 

= .045  

Assume a liquid oxygen (LO2) l ine  8"  d ia .  x sched .  5 pipe leaks into the 
vacuum annular space .  
TM = llO°F or  350°R 

The mean gas temperature in  the annulus 

The gas  exit veloci ty  is expressed a s :  

Vs = J K g  R T Where: 

V = Sonic Velocity in  ft/sec. 
R = Individual gas constant  
T = Absolute temperature in  OR 

S 

Vs = J 1 . 4  x 3 2 . 2  x 5 3 . 5 ~  570 

= 870 ft/sec 
= FLOW F T P k c  1 3.62 K,?& Where: Solving for n P L  = 

A 4" 

01 0 231 Assume q2 = 500 GPM x- x- 55.5 1728 
3 = .002 f t  /sec leakage of LO2 

1 
60 
- 

3 = 71 .17 lb/ft LO2 
L 
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NO: AD- - B1 

Sizing Burst Disc  for . O l O  Square-Inch DATE: November 13 ,  1968 

4 PAGE OF Orifice Area 
BY: C. Urbanac JOB NO: NAS10-6098 

Therefore: 
2 n P L  = 3.62 x . 50  x 71.17 (.002) 

(. 0409 

= 2.0 p s i  pressure drop through crack 

(7) 

qg = pv 

R = -  1544 

Assume: P = 45 psia 
RT V = 1 .0  ft jmin 

Where: M = molecular weight M 

- 1544 -- 
32 

= 48.25 
T = 350°R Therefore : 

45  x 144 x 1.0  
-9g = 48.25 x m:- 

3 = .384 lb/ft densi ty  of GO2 a t  approximately -llO°F and 
45 psia gas  pressure in  the vacuum annulus 

n P g  = 107.8 x x .80 x .384 (.870 x 103)2 

= 25.06 ps i  pressure drop of gas  flow through burst d i s c  
orifice 1 

2.0 x 71.17- 
dg = , 0 4 5 ~  J 2 5 . 0 6 ~  .853 

= .072 in.  d ia .  burst d i sc  orifice will accommodate the gas  
flow through a . O l O  sq. in .  crack 
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SUBJECT: - Sizing Burst Disc  for .010 Square-Inch DATE: November 13, 1968 

PAGE OF -- Orifice Area 
BY: C.  Urbanac CHECKED: JOB NO: NA S 1 0 - 6 0 9 8 

SUMMARY: 

The preceeding ana lys i s  is based o n  gas flow which requires a much smaller 
orifice diameter.  
a s  one  tha t  is a t  least a s  large as  . S O 0  inches in  diameter. 
conservatism, it is recommended tha t  a burst  d i s c  of . S O 0  inch diameter 
be used to accommodate the  gas flow for a l ine failure, of th i s  size (. 010 sq. in). 
The . S O 0  inch diameter burst  d i s c  is approximately 48 x larger than t h e  cal- 
culated diameter of .072 inches diameter. 

The cost of instal l ing a small burst  disc would be the same 
Therefore, for 

The approxipmte flow ra te  through a .SO0 inch diameter orifice is: 

Q =  .S027/4 x 870 x . 60  
144 

3 = 0 . 7 1  f t  /sec (with orifice coefficient C = .60)  

NOTE: Since all failure modes have not been analyzed,  a 1.00 inch d ia -  
meter d i s c  wil l  be required a s  preliminary design for vendor co- 
ordination purposes .  
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DATE : 

PAGE 

December 1 6 ,  1968 
7 1 

SUBJECT: -Burst Disc Sizing to Accommodate 

t OF Vacuum Jacket Failure 
BY: C. Urbanac J O B  NO: NAS10-6098 

INTRODUCTION: 

This investigation will  determine what  the effective size of the burst d i s c  
should be, to safely discharge dccumulated air from the annulus of a leak- 
ing vacuum jacketed l ine.  
the annulus will  be based on  a hole . O l O  square inch i n  area i n  the vacuum 
jacket  of a n  LH2 l ine.  

DESCRIPTION OF PROBLEM: 

The m o s t  reasonable assumption for leakage into 

The LH l ine  will  be covered with a t  'east  ten  layers of aluminized mylar. 
These are radiation insulators that  will provide thermal res i s tance  to hea t  
flux input into the LH 
g a s  it will  reduce theilheat flux into the annulus.  Test resul t8  published by 
National Research Corporation indicated a temperature of 540 R on  the  firijt 
external layer of 70 layers per inch of their insulation in a vacuum of 10- 
mm Hg. When the vacuum is broken by the inrush of a i r  through a vacuum 
jacket opening, a l l  the moisture i n  the air will form condensed frost o n  the 
cold insulation. Some of the air in  the  annudus will penetrate the insulation 
and  vvill drop the surface temperature of 425  R a t  the first outer  layer of the 
insulation by increasing the conductivity through the insulation while the re- 
maining a i r  in  the annulus will  be conducting more heat  tlux from the vacuum 
jacket  tending to raise the insulation temperature. 

2 

l i n e .  Also, when the l ine is being purged with warm 

The a i r  penetrating the  insulation w i l l  be liquified , forming high fonductive 
films that  will have a thermal conductivity a s  high a s  ,088  H R - ~ F - F T  - 2 for 
liquid nitrogen versus  .0088 H.R-~F-FT 2 for gaseous a i r  a t  a mean tempera- 
ture of 300°R (Ref: Wadd Technical Report 60-56 ,  Part 1) .  
under the mylar insulation will become s lush  and solid frozen air .  
condensing on the curved surface of a horizontal l ine will run off due to gravity 
effects. 
jacket  elbow , bayonet joint ,  or bulkhead cone in  the annulus,. 
of the swing arm assembl ies  a re  horizontal which means that i f  a failure oc- 
curred, it would m o s t  probably be on  a horizontal arm where the liquid a i r  
would drip off,  hit  the  vacuum jacke t ,  get boiled off into gaseous a i r ,  then 
become reliquified af ter  contact  with the mylar insulation containing the 
frozen a i r .  

Liquid a i r  trapped 
Liquid air  

On a vertical line , the liquid a i r  will drip off and hit  the vacuum 
Practically a l l  

Solving for the heat  transfer through the vacuum jacket with the following 
assumptions: 

1 e Vacuum jacket has  frosted to a thickness of .21.5 inches of H20 due 
to the cyc les  of liquification and vaporizatioii occurring when the 
air  leaking into the annulus is condensed on the inner l ine ,  flows 
off, then is vaporized when it hits the inner surface of the vacuum 
jacket.  Equilibrium t i m e  of three hours (Ref:  "Qyoyeriic Technology" 
by Vance, P .  179) to obtain the  . 2 1 5 "  thickness .  

Page 2 18 



ENGINEERING REPORT 
NO: Appendix - B2 

OAK E : 

PAGE OF 

December 1 6 ,  1968 

7 
JEcT: Burst Disc Sizing to Accommodate 

Vacuum Jacket Failure 
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2. 

3. 

4 .  

5. 

Assume that  f i ve  feet of vacuum jacket  on each  s i d e  is also conducting 
heat into the  20-foot l ine for a total effect ive length of 30 feet, exposed 
to convective air currents.  

Assume the  annulus mean air temperature is 164OR and the hea t  
input vaporizes the  liquid air impinging on  the vacuum jacket.  

Assume heat  flux resulting from radiation is negligible. 

Assume tha t  frost thermal c o n d p t i v i t y  is 2.25 x ‘ ~ O - ~  - 0- B 2  R- F-EIT a t  a mean temperature of -180 F .  
by Vance, P .  179. 

Ref: “Cryogenics Tecgnology 

A T  2 7 T  
l n r  In r /r In r /r In r /r In r /r 1 + -2.G + -3-2 + -&2 + -5-4 + -6-5 + 

Q = -  

ri hi ’20 k 1  1 2 0  k2120 k g  l20 k4 l20 k g  5 0  r6h0130 
Inner Alum Annulus \ lac.  Frost Amb. 
Line Mylar & Air Jacket  Air LH2 

Liq. Air 

L e t  Ki = o 
AT = 580 - 37 = 543 
1 

l 2  0 
I1 

‘2 
r3 
r4 
5 
6 

r 
r 

kl 

k2 

k g  

= 20 f t  130 =-30 f t  

= 4.203 in .  
= 4.312 in .  
= 4.323 in .  
= 5.241 in .  
= 5.375 in .  
= 5.590 in .  or ,466  f t .  

for 304 cres - B  2 = 1 . 0  
HR-”F-F T 

= .0720 for frozen air combined value of N2 and O 2  

= .0087 
Ref:  Cryogenic Eng. News,  January 1967, Dgs. 110 and  112 

HR- F-FT 297OR (Ref:  Wadd T . R .  60-56, Part 1 ,  
Assumed thermal condition of a i r  a t  

Pg. 3.006) 
0- - 
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sUB J ~ C ~  : - Burst Disc  Sizing to Accommodate 

OF Vacuum Jacket Failure 

CHECKED: JOB NO: BY: C. Urbanac 

k4 

kg  

0 
h 

TW 

Q 

Q 

CHECK: 

x1 

CHECK: 

= 8.0  for 304 cres a t  400°R (Reference Cryogenic Materials 
Data Handbook) 

I3 = .G69 ___ for frost mean T = 400°R 
0- HK- F - F T ~  

(Extrapolated f rom Cryogenics Technology by 
Vance, Page 179) 

B Assumed value of convection for air  
0- -- = 1.00  

= 580 R 

HR- F-FT2 outs ide vacuum jacket  
Tc= 3 7 3  0 

(580- 37) 2 F x  20 --- 
- -- 4.312 4.323 5.2L1 5.375 5.590 

1 4 . 3 1 2  ln 4.323 1 5.241 In- 
- 

+ n ln 4.203 
t .0087 9.10 .069 + + 

O +  1 . 0  . 0 7 2 0  
LH2 LH2 Mylar & Air Vac. Jkt Amb. Air 

Slush Air 
/, L i  ne 

, 4 6 6 ~  1 . 0  x 1 . 5  
Ambient Air 

- - 68.930 
,0256 + .0352 + 22.1326; + . U U 3 U  .5684 + 1.430b 

B 
HI? = 2849 - Heat Flux Input 

Solving for the mean annulus a i r  temperature X1 a t  the  
mean annulus radius = 4.782 in .  

(590 - X1) Z r  x 20 
-- 5.241 5.375 5.540 

1- 4.782 1- 5.241 ln 5.375 1 + I1 11 1 1  .L 
t .0087- '- 9.10  .069 .466 x 1 . 0  x 1 .5  

= 2849 

= + 296OR or -164OF 
Temperature on surface of Mylar and trapped frozen air 
covering the LH l ine.  2 
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x2 
- -2849 (22 .1326 + .0030 + .5684 + 1 .4306  ,. 580 - 

125.664 
= 33OR 

The fgllowing ana lys i s  is basedoon the assumption that the temperature gradient 
of 33 R a t  the LHZ l ine  and 296 R a t  t he  mean diameter of the annulus covering 
a dis tance of .46 inches is not real is t ic .  Therefore, the more real is t ic  assump- 
tion would be to assume the annulus has  filled up with sol id  and s lush  a i r  with 

B 2  HR-"F -F T 
k = .072 - 

68930 -- - - 
Q 5.241 

1.- 4 .  31.2 
+ .0030 + e 5684 + 1.4306 

e 072 ,0256 -t I' 

Mylar Vac. Frost Ext. Air 
& Slush Jkt .  

B = 14,550 H~ Heat Flux through solid and s lush  a i r  

CHECK: Mean annulus temperature a t  4.782 in .  radius 
5 . 2 4 1  

.072 ) .nAm + .0030 + .5684 + 1.4306 + 580 

= 201°R. This value is higher than 1%3'R, the boiling point of 
liquid oxygen,  a l s o  higher than 140 R ,  the boiling point of liquid 
nitrogen. 
14 .7  ps i .  

Solid or  s lush a i r  cannot ex i s t  a t  this temperature a t  

From the above ,  the original assumption that liquid a i r  and  some 
s l u s h  would form on  the LH 
bottom of the vacuum jacke?, appears to be valid.  This liquid 
and  s lush  would be vaporized, then recondensed. For conserva- 
t i s m ,  we will assume that a l l  the heat  transferred per hour is re- 
cycling the liquid a i r  a t  one cycle  per hour. 

l i ne ,  then drain off and fall o n  the 

w = Amount of liquid a i r  recycled per hour 

= Q/N 
'Lp = Heat of vaporization for liquid air 

2 849 
86.1 

= -  W 
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BY: C, Urbanac NAS10-6098 

33.1 lbs/hr assumed amount of liquid air being r,ecycled. 
Lbs of air in  the annulus 

L Recycled 
A i r  

.134 lbs/'ft3 Air density a t  a mean temperature of 296"R 6 14.7 psi  
r 7 
j 5.831 - .416J .134 f 33.10 = -50 + 33.10 
b 

33.60 lb s  of a i r  (.5 0 l b s  OJ gas  + 33.10 lbs  of liquid a t  
a mean temperature of 164 R) 
Annular Volume ( 10.48Z2- 8.625 2 '\ - ._ --j 7774 x 20 144 

3 

3.870 f t 3  total 
Annular Volume less Liquid Volume 

33.60 3.870 - 
54.27 w f t 3   LO^ + L N J  

3 3.2 S O  f t  G E S  Volume 
Solving for the amount of gas  required to be boiled off, to burst t h e  disc. 

PV - - .53 (lbs of gas  in  annulus) RT 
30 x 144 T = 2Yt;Oli Mean Temperature of Annulus 
4320 P.S.F. Burst Pressure 
3 .450  Ft 
53.34 ft.-lb F/Lb M - 
4320 x 3.2 5 0  

.39 lbs  of liquid dir  must be vaporized to r a i se  the annulus pressure 
to 30  psig and to burst the d i sc .  
Heat of vaporization to reach 30 psig 
86.1 x .39 

3 
0 R Gas  Constant for Air 

- .50  53.34 1296j- 

33.6 B Heat Input to r a i s e  the pressure to 30 psi 
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PAGE OF Vacuum Jacket Failure 

c C .  Urbanac JOB NO: 
NAS 1 0 - 60 9 8 

0 Heat  input into annulus when purging with 70 F gas  in  LEX2 l ine  and assuming 
120°F air outs ide of vacuum jacket.  Assume hl = 1.0- B 2  for purge 

gas  and equilibrium conditions.  
HR-OF-FT 

(580 - 301) 2 x 20 
5.590 

+ rq= (530 - 301) 2 T  x 20 
4.312 4.323 5.375 

1 5..241 + J n  5.375 + 1 
.466 x 1 .5  9 .1  .069 + -n  1 2  -1 -n--- 1 4.203 +&4.312 

4.203 x 1 9.1 .072 
= 9947 + 17,513 
= 27460 Internal and external heat  flux input when purging 

HR 

Time  to Raise Annulus Pressure to 30 psig 
This ignores Heat Absorbed by Lines ,  Insulation and Frost 

T 2 i  - H 
Q 

= 4.4 seconds (approximately four seconds to burst d i sc  and  allow 
for bleed-off occurring a t  failed sect ion of vacuum 
jacket)  

T ime  to complete boil-off a f te r  d i sc  bursts .  

- - w-w)h 60 = (33.10- .39) 86.1 6o 
TBO 27,460 27,460 

= 6.15 minutes to boil off liquid a i r  

Solving for the volume of a i r  a t  S . 7 ' .  P.  conditions. 
zp Volume VSTp = Z W L b s x  yjj- 

1 V O l .  of 1 cu.f t .  = .a7651 Eef :  Fluid Mechanics - Binder 3rd E d . ,  P. 28  

= 33.6 
.07651 vs TP 

3 = 439 F t  a t S . T . P .  

Volume a t  296OR with a n  a i r  densi ty  of .408w/cu.ft.  a t  30 psiq.  

3 
= 84.4Ft of air a t  29 6OR mean annulus temperature 
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3 A t  t h i s  volume of 84 .4  Ft of air i n  a 20-foot length of vacuum jacke t  and 
a t  a hrirst pressure of 3Opsig, a one-inch diameter burst  disc orifice is 
adequate.. From Crane Technical Paper No. 410, "Flow of Fluids, 'I 

Pages 3-25, with a n  orifice coefficient of 1.003 (turbulent flow) and a n  
expansion factor Y of .774, the  orifice c a n  flow 4.91 cubic feet ini t ia l ly  , 
then decay  to zero in  6.15 minutes. 
approximately .5 PSI for 6.1s minutes,  the total flow capabili ty is 
6.15 X 60 X 4.9 1 which equals  1813 cubic  feet. 

A t  sonic  velocity with A P/P of 
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NAS10-6098 c 0: 
C .  Urbanac 

The purpose of this  ana lys i s  was to s i z e  the rupture d i sc s  needed in  the 
event  the vacuum jacket  leaked ,  permitting a i r  to liquify on the liquid 
hydrogen l ine.  
s lush .  
gen gas  purge of the inner l i ne ,  the liquid and s lush  a i r  will begin to 
vaporize. 
by pmctical ly  pure oxygen. 
contacts  a non-compatible material ,  it c a n  implode the l ine.  

The air w i l l  collect in a l l  three phases  g a s ,  liquid and 
Upon ces sa t ion  of liquid hydrogen flow, and a t  the start of nitro- 

The first a i r  component boiled off will  be nitrogen, followed 
This oxygen is highly explosive a n d ,  i f  it 

The ana lys i s  method used in  the following pages was outlined in  Progress 
ReportJJo. 3. It es tab l i shed  parameters of 12OoF ambient a i r  temperature 
and 70 F for the nitrogen gas  purge. ‘pese parameters indicate  a fairly 
constant  hea t  input ra te  q in  B,/IR-FT , reference Page 6 .  Several assump- 
t ions were made in  the ana lys i s :  The liquid a i r  and s lush  being recycled 
by the hea t  input into t h e  vacuum jacket  was assumed to be equal to the 
ambient boil-off of the vacuum jacket;  secondly,  s teady  s t a t e  conditions 
w e ~ e  a l s o  assumed during purge, which would m a k e  a l l  t he  boil-off t i m e  
ra tes  s l ight ly  longer. No allowance w a s  made for the heat input into the 
LH2 l ine and  the vacuum jacket  during purge. 
based on  a twenty- (20) foot l ine.  

The l ine lengths used were . 

The resu l t s  of the ana lys i s  on  Pages 2 and 6 indicate the one- (1.0) inch 
diameter burst d i s c  is adequate  to safe ly  relieve any l ine s i z e  from 
1 x 2 1/2 to 2 2  x 24.  In a l l  three examples used ,  the gas  generation or 
boil-off rate is much slower than the orifice discharge rate .  
criteria is t o  be based on  the vacuum jacket  leakage and the hea t  flux is 
kept a t  the values  shown on  Page 4 ,  and the l ine length restricted to 
twenty (20) feet or  less , it is advisable  to standardize on the one- (1.0) 
inch diameter rupture d i s c  orifice.  

If design 

The s i z e  of the burst d i s c  is s t r ic t ly  dependent on the heat  f lux  input a t  
purge, and independent of the amount of s lu sh  a i r  to be boiled off. 
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NO: 

9 
OF 

7.812 ' 8.000 

7.812 8.000 

6.219 j 6.375 
5.241 1 5.375 
4.203 I 4.312 
3.204 3.312 
2.673 2.782 
2.167 2.250 
1 ~ 667 1 e 750 
1.354 1 .437  

I 
i 

: Burst Disc  Sizing 

! 
8.215 
8.21 5 
6.586 
5.540 
4.527 
3.527 
2.997 
2.465 
1.965 
1.652 

C .  Urbanac 

I Inner Line Outer R. 

3 . rl 
Line Size j Inside Liq. Air 

22 x 24 1 10.750 
2 O x  22 I 9.750 
16  x 1 8  ' 7.812 
1 4 x 1 6  I 6.812 
1 2 x 1 6  I 6.219 
1 0 x 1 2  ! 5.241 
8 x  10  
6 x 8  
4 x  6 
3 x 5  
2 x 4  
1 1/2 x 3 
1 x 2 1/2  

i 
4.203 
3.204 
2.167 
1.509 
1.123 

885 
* 593 

11.000 
10.000 

8.000 
7.080 
6.375 
5.375 
4.312 
3.312 

' 2.250 
1.750 
1.188 

.950 
,658 

11.012 
10.762 

8.012 
7.012 
6.387 
5.387 
4.323 
3.324 
2.262 
1.762 
1.200 

.962, 

.670 

t NAS 1 0- 60 9 8 
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12  
1 . 5  x 1 .0  r6 

‘ ;% 

PAGE - 4  OF 
NASlO- 609 8 CHECKED: JOB NO: BY: C. Urbanac 

*@ 

Inner Line  

P., ’ 3  
I 

Line Size 1 
j 1 . d  
I 
i 

2 0 x 2 2  , 

1 6 x 1 8  j 

1 4 x 1 6  : 

1 2  x 14 
10  x 12  
8 x 1 0  
6 x  8 
4 x 6  

3 x 5  
2 x 4  
1 1/2 x 3 
1 x 2 1/2 

.0256 

. lo400 

In r /r l n r  /r In r h4 
3 3 2 0 2  1 .o%$ I T 5 0  1 

,0352 

,25078 

i 
i 

22.1326 1 .0030 

80.29567 .00653 

.25712 .65493 

.5684 

1.89400 

I 

I 

1.43112 

4.84261 
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9 PAGE 5 OF 
C .  Urbanac NAS10-6098 

Line Q =  I 
Size 68930 

22 x 24 1 8200 
I 
I 2 0 x  22 ~ 

1 6 x  18  
I 

1 4 x 1 6  I 
1 

1 2  x 1 4  
I 

I 

i 
1 0 x 1 2  1 

I 

8~ 10  1 2849 

6 x 8  I 
I 
1 

4 x 6  

3 x 5  

2 x 4  

1 1/2 x 3 

1 x 2 1 /2  789 

w* = Q - 
Lbs /8p ' 
Liq. Air 
(Slush) 

95.24 

33.10 

9.16 

' 7.332 

I 

13.832 

.604 

I 
i I 

1.755 I 5.. 577 r I f 

I 

l:Ai.i7i 03 gaseous  I 

i n  Ann. a t  
' 14.7  p s i  

i .954 

1 
I 
1 
! 

i 
.549 

.074 

.bs 
a i r  

*NOTE: "W" is s lush  and liquid a i r  assumed to equal the total  boil-off capa- 
bility of the vacuum jacket .  
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22 x 24 1.11627 

20 x 22 

Line 
Size 

I [ at  7Oor a t  120 F i 
I I 

I i ! 

I .00252 ' .01506 25,380 38,344 i63 , 724 
! 

I 

12 - 
'1 

8 x 1 0  

6 x 8  

4 x 6  

3 x 5  

2 x 4  

1 1/2 x 3 

1 x 2 1/2 

i 
2.855101 .00281 ; .03523 1 9,947 , 17,513 

I 

I 
I 
I 

1,404 1 5,199 

I 
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NO: 
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Size , required to raise ius to 30 ps ig ,  ig- 

I 

20 x 22 

1 6 x  1 3  I 

1 4 x  1 6  

1 2 x 1 4  I 
I 

i 

I 
! 
I 

3 x 5  

2 x 4  

1 1/2 x 3 

1 x 2 112 

1 0 x 1 2  

.099 

66.00 

2.15 

T s  T ime  in  SEC 
to pressurize annulus 
to 30 psig 
T = 3600 H30 

T Q  

6.43  

8 .65  

1 .17  
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9 8 PAGE 

Line 
Size 

= w  - w 
wBo boiloff ak& 
d i s c  ruptures I Y  
1-B5. 

2 2  x 24 92.965 

8 x 1 0  31.785 

1 x 2 1 / 2  9 . 0 6 1  

T =  
3E@O x 86.1 WBo 

EQ- 
Time  to boiloff 
i n  seconds  assum- 
ing s teady  s t a t e  
conditions 

,4 52 

3 59 

43  

- *ISC - 

sec BO .- 

. 2 8  
to discharge 
annulus thru 
I "  d i a .  orifice 
a t  s teady state 
s( a t  30 psiq 
Fef Pgs 8,7 6 
3 

3 32 

1 1 4  

32 

ZQ ' =Surface area 
V a c y m  Jkt 

B/Hr-Ft 
Heat input c k  

531 

488 

466 
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C. Urbanac 

Crane Nomograph Values 

1 .  

2 .  
3. 

4. 

R = 53.34 Gas  constant  for a i r  Ft-Lb F/LBM - OR 

P 

L/1P = 30 = .671 
P i  44.7 
Try d l  = 1 .00  in.  

= 30.0 + 1 4 . 7  = 44. 7 p s i  internal pressure 

- - 

5. * = 8 max. 
dl 

8. 

9. 

. ' . Y = .68  from Page A-20 

= - PV 
RT 

= 44.7 x 144 x 1.0 
53.34 x 296-  

= .408 lbs/ft  

Density a t  a n  assumed mean temperature of 296'R 
E 

3 

10.  C = .60 when Re = 4.34 x l o 6 ,  Page A-19 
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